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INTRODUCTION 
Measurements of fluid flow speed may be made by utilizing the 
Doppler shift of laser light scattered from small particles suspended 
in the flowing fluid. The principle of the Doppler shift is of course 
well known, but only recently was a technique introduced by Yeh and 
Cunmins (1964) to utilize the Doppler shift of a laser radiation to 
successfully measure fluid flow speeds. Since that time there have 
been a number of separate investigations reported in the literature 
(see references). The instrument utilized in this investigation was 
developed by a team of scientists at NASA/MSFC (Huntsville, Alabama), 
Raytheon Company (Sudbury, Massachusetts) and Lockheed Missiles and 
Space Company (Huntsville, Alabama). Much of the technology used was 
originally developed in assembling a system to be used in subsonic and 
supersonic gas flows with large quantities of particle entrainment 
(Rolfe et al. (1968)]. The system used in this study involved only 
aerosols and particulate matter suspended naturally in the atmosphere. 
Interest in application of the instrument has broadened currently 
(1972) to a variety of practical situations where a remote-sensing 
instrument has particular advantages over conventional velocimeters. 
Two applications currently under research is for use as an airport 
warning system for wake vortex detection and as an air-borne system for 
clear-air turbulence detection. A potentially important use of the 
instrument is in meteorological investigations of the atmospheric 
boundary layer. Further uses of the instrument could be for remote 
air-pollution detection and for measurement of mass and momentum fluxes 
in a variety of fluid flow fields. 
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In principle it is possible to measure "point" velocities in the 
flow field with complete vector directional resolution. A laboratory 
three-dimensional instrument is presently being investigated at 
NASA/MSFC (Huntsville, Alabama), where also an atmospheric three-
dimensional arrangement is under research and development. The instru-
ment used in this investigation was a one-dimensional co-axial system, 
using a 25-watt CO2 laser and back-scattered radiation. The direction 
of wind velocity was resolved by utilizing an ordinary wind-vane 
direction sensor. 
The purpose of this research project was to obtain measurements 
of atmospheric velocities and turbulence with the laser Doppler system 
and to compare the results with cup anemometer and hot-wire measurements 
in the same wind field. 
BASIC PRINCIPLES 
The frequency of laser light scattered by moving particles in a 
flow field is shifted by the Doppler effect. The Doppler shift is 
detected by optical mixing of the emitted or incident and scattered 
beams. A variety of optical configurations is possible to accomplish 
the optical mixing. In the present arrangement the back-scattered 
radiation along the axis of the incident beam was redirected into the 
laser to combine with the original laser beam. The resultant hetero-
dyne or "beat" frequency is equal to the difference in frequencies of 
the emitted and scattered frequencies, and is directly proportional to 
the particle speed. If the scatterers are small, and no relative velo-
city exists between the particle and the fluid, then fluid velocity is 
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measured. An infrared detector was used to convert the Doppler-shifted 
frequency to a measurable electrical signal. The arrangement of the 
system is shown schematically in Figure 1. 
The laser Doppler velocity measurement system (hereinafter referred 
to as the laser Doppler velocimeter and mnemonically denoted LDV) is 
almost instantaneous and has the advantage that no prior calibration is 
required as with other velocity instruments. The range of detectable 
velocities is very large. There is minimal perturbation of the fluid 
flow field by the laser radiation. The spatial resolution which is 
fixed ultimately by diffraction limitations can be controlled to a large 
degree by size and optical quality of the lenses and mirrors. 
A nonrelativistic derivation of velocity determination from the 
Doppler shift frequency follows. A definition diagram relative to the 
derivation is shown in Figure 2. For purpose of clarity, the scattered 
beam is shown at an arbitrary angle e from the direction of particle 
motion. In the case of a coaxial system, e = a. 
The emitted monochromatic laser radiation of wave length Ao and 
speed c 'illuminates a particle having a velocity V. The direction of 
the incident beam is defined by the unit vector r
0
• If the particle 
is motionless, the number of waves incident on the particle per unit of 
time is f0 = c/A0 , where c is the speed of the laser radiation and Ao 
is the wave length. 
If the particle is in motion at an angle a with respect to the 
incident beam, the frequency of the waves per unit of time relative to 
the moving particle is 
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1 1 _l_ Axis of ____ 1 _______ -,11-+-___ Loser Beam 
Figure 2. Definition diagram for Doppler shift frequency. 
which is also the frequency of the scattered waves relative to the 
particle. The scattered radiation is directed toward a fixed point 
along a direction r
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from point P. The frequency of the scattered 
radiation relative to the particle is f , but to a fixed observer p 
along rs, the wave length appears to be 
AS = c - Vcos e C -
Vcose AO f = c + Vcosa p 
and the frequency of the scattered radiation appears to be 
which is rearranged to give 
1 + Vcosa 
f =~( C) s Ao 1 _ Vcos e C 
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The apparent shift in frequency, the Doppler shift, is 
f = f - f D s o 
or, 
fD = f-[V(cosa + cas e)] 
0 
using the approximation that ill << 1. 
C 
For backscatter along the incident laser beam, e = a , thus 




= --'-2cosa f 
0 
V = 
In particular the component of the particle velocity along the laser 
beam axis V
0 
is always determinable from 
"ofD cfD 
V0 = Vcosa = -2- = 2f0 





= .53 cm/sec/KHz Doppler shift. 
DESCRIPTION OF THE LASER DOPPLER VELOCIMETER 
The optical configuration of the LDV is shown schematically in 
Figure 1. It consists of a 25-watt, 10.6µ, CO2 laser, beam splitters, 
mirrors and attenuators, an f8 12-inch Newtonian telescope and a 
liquid-helium cooled Ge-Hg infrared detector. 
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Based on relative power of 100 percent of the laser output 
(nominal 25 watts), the power at the focal region F was about 60 per-
cent. The focal region is the sample space or volume from where the 
scattered signal is effectively heterodyned. The relative power at 
the detector was about 1 percent. 
The laser radiation is focused at the desired range by a 2-in . 
focusing lense L. A diagonal, 1-7/8 by 2-21/32 inches mounted on a 
spider within the 15-in. diameter tube of the telescope, directs the 
beam to a 12-in. diameter schlieren mirror mounted at the end. The 
mirror is adjustable on a 3-point mount. Physical limitation of the 
focusing lense movement limited the near range of the telescope focus 
to about 60 feet from the mirror. The other limit of the telescope 
focusing range is limited to about 250 feet by the si ze of the diagonal. 
Of course if the power loss from beam 11 spill over 11 at the diagonal is 
not of concern the range can be extended. A curve of focal distance as 
a function of lense movement is shown in Figure 3. The reference posi-
tion of the lense is arbitrary and made relative to 60 feet in the 
figure. The range of the telescope relative to "performance 11 is also 
diffraction limited [cf. Lockheed Missiles and Space Company (LMSC) 
progress report 0162417, July 23, 1970]. 
Spatial Resolution 
The spatial resolution of the system is specified in terms of the 
signal-to-noise, S/N, ratio. A calculation of S/N was made by LMSC 
(cf. Appendix A, Interim Report 0225028, June 1971). It has been shown 
[Thomson and Dorian (1967)] that only radiation scattered from the 
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to the Doppler signal. Nevertheless, there is some amount of heterodyned 
signal attributable to scattered returns in the whole space of illumina-
tion. The ratio of S/N from the focal region in comparison to the total 
S/N, then, is a method of defining the spatial resolution. A curve of 
spatial resolution (axial dimension) as a function of focal range is 
reproduced from the LMSC calculations as Figure 4. 
Signal Processing 
There are several options for discriminating the Doppler shift in 
frequency from the detector. These are: 
1. Spectrum analyzer 
2. Wide-band frequency discriminator 
3 . Fi l te r bank 
4. Doppler frequency tracker 
5. Phase-locked receiver. 
The merits, advantages and disadvantages are discussed by Rolfe et al. 
(1968). In this system principal use was made of a spectrum analyzer 
and to a limited extent of a frequency tracker. 
Spectrum Analyzer - The Hewlett-Packard Model 8553B/8552A spectrum 
analyzer used in this investigation is a swept superhetrodyne receiver. 
A simplified block diagram is shown in Figure 5. Essentially the signal 
frequency is compared with a hannonic of the local oscillator frequency 
and the analyzer displays the signal directly in the frequency domain 
as a carrier with its side bands. The center frequency is tuneable, 
and a scan of the total band is selectable. The spectrum analyzer 
resolution is detennined by a selectable IF bandwidth. The scan time 
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Figure 4. Spatial resolution of the 12-in. telescope. 
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Fi gure 5. Spectrum analyze r block diagram. 
If time intervals are too small, power output of the signal may be 
too small to measure. On the other hand, for large time intervals the 
output reflects the spectrum of particle speeds passing through the reso-
lution focal volume of the beam, and can give therefore only a spectrum 
of velocities (Doppler frequencies) and not an "instantaneous" velocity 
as a function of time. Clearly, for "instantaneous" velocities 
the time interval should be consistent with the focal resolution volume, 
convected particle speed and S/N ratio of the spectrum analyzer . 
In order to convert spectral informat i on in frequency space to 
velocity, use is made of the linear variation of velocity with Doppler 
frequency shift. The frequency bandwidth of the spectrum analyzer is 
"swepC at a rate consistent with resolution of the analyzer and the 
power contained in the bandwidth is recorded on a conventional FM re-
corder in time space. Conversion from time to frequency hence to velocity 
in principle is simple, requiring only a reference zero frequency and 
known bandwidth or alternatively a calibrated external frequency. The 
rate at which the spectral bandwidth is swept is controlled externally 
to the spectrum analyzer . A schematic arrangement of the process inclu-
ding preconditioning of the detector signal is shown in Figure 6. A 
typical time, frequency trace of the power output is shown in Figure 7. 
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Figure 7. Typical spectrum analyzer output for 
calibration and Doppler frequencies. 
Doppler f requency tracker - A device which provides an output 
voltage proportional to a given Doppler frequency is termed a Doppler 
frequency tracker, or simply frequency tracker. The technique is also 
known as "frequency compressive feedback" or "frequency-locked loop" 
[cf. Rolfe et al. (1968)]. The Doppler frequency , fD(t), is heterodyned 
with a local oscillator frequency . The local oscillator frequency, fLO' 
is varied so that the difference fLO - fD is constant and equal to the 
center frequency of a discriminator. The dr i ving voltage of the ·local 
oscillator is then proportional to fD' hence to the velocity. A sche-
matic representation of the tracker is shown in Figure 8. 




f1F = flo-f D -








Figure 8. Block diagram of frequency tracker. 
TEST FACILITIES 
The field site for the experiments was selected at the Colorado 
State University airport (Christman field) located approximately three 
miles west of the city of Fort Collins, Colorado (see Figure 9). The 
test site has a clear field from northwest to northeast, and from south 
to southwest. There are buildings and trees in the range from south to 
east, although the nearest building is some 1100 feet away. To the west 
is the foothills of the Rocky Mountains about a mile distant. The site 
was selected on the basis of land and power availability and proximity to 
the research center about 1/2 mile away. The dominant wind directions in 
the area are north-south, as evident from the alignment of the runway, 
although strong winds also blow over the foothills directly from the west. 
15 
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Figure 9. · Field site at Christman Field. 
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The site facilities included two towers and two trailer vans to 
house the instruments and the LDV system. The arrangement shown in 
Figure 10 was to provide clear wind fields to the north and south. As 
winds seldom blow from the east, the instrument vans were located so 
as to cause as little interference as possible to the wind field. 
The 60-ft high tower was used to mount the wind profiling anemo-
meters. The 40-ft tower was used to mount mirrors to direct the laser 
beam and also to mount the comparison instruments, a climet anemometer 
and wind vane, and a hot wire for turbulence measurements. Photographs 
of the established arrangement are shown in Figures 11 and 12. 
INSTRUMENTATION 
The arrangement of the various instruments in the laser instrument 
van is shown in the photograph of Figure 13. The total instrumentation 
for data taking and recording included the following: 
Spectrum analyzer - The function and description of the spectrum 
analyzer was given in a previous section. 
Frequency trucker - This instrument was also discussed in the 
earlier section. 
Wide band frequency generator - A frequency generator of MHz range 
was used to establish a calibration point for the spectrum analyzer. 
I 
Depending upon the prevailing wind speed, a calibration frequency was 
selected near the extreme of the wind speed range and the scan width of 
the spectrum analyzer was selected to contain this calibration frequency. 
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Figure 10. Site arrangement for towers and instrument van. 
Figure 11. Instrument vans at 
test facility. 
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Figure 12. Towers at test facility. 
Profile tower is at left. 
Figure 13. Instrument arrangement inside 
laser van. 
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Function generator - A stable function generator was used to drive 
the sweep of the spectrum analyzer IF at a rate consistent with the 
spectrum analyzer scan time. A finite sweep time and "flyback" is 
involved. A given combination of sweep duration and scan width has its 
optimum IF filter bandwidth. A table of sample rates for various scan 
time settings is given in Table 1, and bandwidths as a function of scan 
width and scan time is given in Table 2. These tables were reproduced 
from the LMSC report No. 0162840 describing the operating procedures of 
the LDV system. 
Mirror position indicator and drive - The upper mirror on the 
40-ft tower had a motor drive to rotate the mirror about its vertical 
axis. This permitted orientation of the laser beam into nominal align-
ment with the wind direction. The position of the mirror was indicated 
by a 357 degree potentiometer. There were 3 degrees of ambiguity from 
357 degrees to 360 (zero) degrees. The position pot of the mirror was 
oriented so that zero was due east. 
Climet wind translator - The translator presented wind direction 
and speed as sensed by the cup anemometer and wind direction sensor 
into recordable analog signals. The wind direction sensor was oriented 
so that zero output coincided with due east. The analog signals were 
then monitored on a dual channel strip chart recorder. 
FM tape r ecor ders - Two 14 channel FM tape recorders were used to 
record the analog signals, one a CP-100 Ampex unit and the second an 
FR-1300 Ampex recorder. 
Temperature sensor - A standard bridge and amplifier ci rcuity was 
constructed for thi s study to measure the deviations in temperature of 
the various thermistors from a reference unit. 
20 




























TABLE 2. MINIMUM BANDWIDTHS IN kHz FOR COMBINATIONS 
OF SCANWIDTH AND SCAN TIME 
Scan Scan Time, Millisec/Division 
Width/cm 1.0 2.0 5.0 10.0 20.0 
0.02 kHz 0.3 0.3 0.1 0.1 0.1 
0.05 kHz 0.3 
0.1 kHz 1.0 0.3 
0.2 kHz 1.0 0.3 
0.5 kHz 3.0 1.0 
1.0 kHz 3.0 1.0 
2.0 kHz 3.0 1.0 
5.0 kHz 10.0 3.0 
10.0 kHz 10.0 3.0 
20.0 kHz 30.0 10.0 
0.05 MHz 30.0 10.0 
0.1 MHz 100.0 30.0 10.0 
0.2 MHz 100.0 30.0 
0.5 MHz 300.0 100.0 30.0 
1.0 MHz 300.0 100.0 
2.0 MHz 300.0 100.0 
5.0 MHz 300.0 










Hot-wire anemome t er - A constant temperature hot-wire anemometer 
was used to measure the atmospher ic turbulence. A 100-ft long cable 
was used for the probe and a cable capacitance compensator was used 
for the long-length cable. The hot wires were calibrated with the 
extra cable and compensator. 
Time code generator - A time code generator in !RIG B format was 
used to synchronize the two tape recorders. Usually the times were 
synchronized with the National Bureau of Standards time broadcasts. 
RECORDING OF TEST DATA 
There were in all 26 separate pieces of continuous information 
desired for each test. Two analog 14 channel FM recorders were needed. 
However, two recorders were not available for all tests and some infor-
mation was therefore sacrificed. The sample data recording sheet shown 
in Figure 14 indicates the data recorded on each channel of each 
recorder. They were arranged in such a way that temperature and 
humidity data were sacrificed when the second recorder was unavailable. 
The data can be grouped into the following sets. On the 60-ft 
tower, six levels of wind speed were obtained to establish the vertical 
profile of the wind field in which compar i son data were taken. These 
were grouped in the CP-100 Ampex recorder . Also, on the same tower, 
there were six levels of temperature measurements to determine the 
temperature profile and four levels of wet bulb temperatures to establish 
the humidity profile. These were grouped on the FR-1300 Ampex recorder. 
On the 40-ft tower the comparison instruments, the cup anemometer, the 
wind vane, and the hot wire were mounted . These data together with the 
22 
T~st No. 
ATMOSPHERIC LASER DOPPLER VELOCIMETER PERFORMANCE VERIFICATION 
:J NASA-MSFC Fi e ld Test Site, Huntsvill e, Alabama 
i:J Airport Field Test Site , Foothills Campus , Colorado State Univ .. Ft. Collin • 
D Other 
Teat Conducted Between __ a. m. /p. m. and __ a. m. /p. ~ - on 
(date) 
METF.OROLOGICAL DATA 
Air Pollution Index : Visibility: 0 Good; 0 Fair; 0 Poor 
Sky Condition: D Clear ; 
Temperature °F ; 
Barometric Pressii're 
D Light Clouds ; Clouds; Overcast 
Relative Humidity % or Dew Poi nt °F ; 
mb; Anemometer(s) Locale ______________ _ 
Time into Teet (min) 0 15 30 45 60 
Mean Wind Speed (knots, mph, fl / sec) 
Mean Wind Direction (deg wrt north) 
Laser Coolant Temperature (°F) 
General We ather Conditions (frontal presence, rain in past 12 hours, etc.) : 
OPTICAL CONFIGURATION 
Mirror Orientation deg (wrt north) 
Telescope mirror lo lower tower mirror distance: ft in, 
Distance between lop and bottom mirrors on tower, -- ft in. 
Total distance from telescope mirror to focus vol: -- ft 
Homodyne configuration: 0 Mac h Z ehnder; 0 internal cavity 
L a ser power into leles_cope: watts; Power at focal volume: watts; He dewar check 0 
Teles <.: ope mirror size : in. diam.; Lena focal length: in; Detector type: ___ • 
Comments : 
SPECTRUM ANALYZER/ AVERAGER DATA 
Sweep Rate : __ ms / cm; Sample Rate : __ samples/aec. 
Number of sweeps averaged per sample: . 
Freque ncy dispersion: ___ MHz /cm. Filter bandwidth: 
Other: 
FM REa>RIJER DATA - MOUEL CP - 100 NCPEX 
Label Tape Reel with Test No. 
kHz; Bandwidth: 
Ill RtCORDER IJAH - ' IOIJLL FR- 1300 A.'IPcX 
LaUel Tape Ree l "-ltt", l t,:S t ,o . 
kHz. 
Tape No . __ • Tape Speed __ i ps; Response ttz . Tape No . __ ; l ape ~p l·c d _ _ 1pi"~ Response __ 11 : . 
l:ha. No. Content s 
I Voice: Test iJen t . et c . 
2 Socci. anal, . svnc. oulse : 
l Soect. &n31V. Y out. Frea . 
4 hind dir. Cli11et vol ts -s Wind speed CJ u1e t volt s - > 
" 1'h rror azimuth volts -> 7 !lot "ire aneacaeter 
8 Fucd tower data - •ind •r>-
9 "inJ s o . 
10 Wind SD . 
II hi nd so. 
12 Wind 51). 
13 h1 nJ !!- D . 
14 code iJcnt . IRIG b 






I level l 
level 2 -1 
level l I 
l e vel 4 I 
level 5 I 
1 C V\.' 1 <, 
I 







f . • , !' ~ i o1- er l.Jat a ) 




Th erm . 
ThC'rm . 
.J i .- ..1.1 r le \ el 3 
J r , a l r lc.·\·el 1 
~. ff 1,...,1 1, 11.' \ e l 1 
J1 t f . Jp a i r lt!\' t-1-' 
J 1tf ... c- : ·1ulh lt \ td -' 
J1i f . Jr, .1 1r 1, .-,.c·•::.;l:.._=5 ______ _ 
J i f f ... \'! l . u ·l =' 
Th~rm . Ji ff . .., p .1 : 1 lt> \ cd u 
14 ·11mc ~oJe 1Jl'li t,~-......L"'-'-'oL.J'----------
Aux Vo i '-'.e : Test 1J~;q . c..· t~ . 
0 Teal Idt'ntification Number; 0 Spectrum Analyz er settings (sweep rate, number samples ave raged, 
<'lc.); Wind ; ODiatance from telescope mirror lo focal volume ; quality of aignal; 
;, ud O Problems and other comme nts. 
(Signed) Test Engineer 
Fi gure 14. Sample data sheet. 
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spectrum analyzer signal and appurtenant data were grouped into the 
CP-1OO recorder. On one channel of each recorder there was an IRIG B 
time code for referencing the two sets of data to corresponding times. 
A voice channel (direct record) was reserved for verbal description of 
conditions and problems which occurred during a test. 
Data with a frequency tracker were taken during a period when the 
second tape recorder was unavailable. Since two additional channels 
were required to record the signals from the tracker, two levels of wind 
speed data were sacrificed on the CP-1OO. These were levels 2 and 4. 
TEST PROCEDURE 
Pre-Test Preparation 
Preparations for recording one-hour of continuous wind data and 
associated documentation was elaborate and time-consuming. For any 
given test, or attempted test, the following routine was necessary. 
Cooling the Ge-Hg de tector - The Ge-Hg detector was pre-cooled 
with liquid nitrogen for a period of about one hour before filling 
with liquid helium. This procedure was followed primarily to conserve 
liquid helium, which is comparatively many times more expensive than 
liquid nitrogen. Just prior to data-taking, after all preparations 
were completed, the dewar of the detector was filled with liquid helium. 
Optics alignment - Before each test, alignment of the optics was 
necessary. A specific alignment procedure progressing outward from the 
laser to the tower was necessary. Although the beam splitters and 
mirrors did not require frequent adjustment, the optical beam on which 
24 
the focusing mirror was mounted required frequent adjustment. As the 
scattered radiation was redirected back into the laser, slight mis-
alignment of the optical axis caused poor to no heterodyning, hence weak 
or no Doppler detection. Since alignment of the focusing lense mount is 
coupled with the diagonal and the schlieren mirror, a ·sequence of trial 
and readjustment was usually necessary. 
After the optical beam was adjusted, the diagonal required minute 
adjustment to center the diverging radiation on the schlieren mirror. 
The schlieren mirror in turn required adjustment to direct the converging 
beam through the end of the 9-ft long tube. Thereafter, the entire 
mounting table required movement to center the beam on the lower external 
mirror near the base of the 40-ft tower. If the optics were bumped out 
of alignment during this process, then the entire procedure was restarted. 
Once the laser beam was centered on the lower mirror, then the lower 
mirror was adjusted to center the beam on the upper one, and finally the 
upper mirror was rotated to direct the beam as closely as possible either 
directly into the prevailing wind direction or downwind along the wind 
direction, checking also to see that the beam was parallel with the 
ground. To establish the latter, an identification mark on the adjacent 
60-ft tower was used to place the line of sight parallel to the ground, 
hence the axis of the laser beam was in the horizontal plane of the mean 
wind. 
Profile tower - The thermistors on the 60-ft tower were arranged in 
a radiation shield, with a suction pump arranged to draw 2 ft/sec air 
velocity over the 11 dry bulb" thermistor and 30 ft/sec over the "wet bulb" 
thennistors. Distilled water was forced up the tower by air pr~ssure 
into water wells with wicks leading to the 11 wet bulb" thennistors. 
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These thermistors were checked before each test and wicks were prewetted 
to insure that the distilled water would be drawn up from the wells. 
Hot-wire anemometer - The hot-wire anemometer which was dismounted 
during a non-test period was remounted. The wire was placed in a verti-
cal axis and the probe was ori ented toward the wind and in a location 
such that there was no interference from the mirror, the cup anemometer 
or the tower itself. 
Pre-Test Calibration 
Tape recorder - The FM record amplifiers of the tape recorder are 
subject to slight deviations from calibrated conditions from day to day. 
To account for these deviations, a five-level DC signal was provided as 
a calibration of tape-recorded (and playback) voltage against a "true" 
voltage registered by a calibrated digital voltmeter (DVM). Since in 
the data set, a continuous square-wave signal was recorded, the calibra-
tion set did not include a sinusoidal signal of known rms value. 
Climet anemometers - Both climet anemometer translators were 
calibrated for zero and full scale 1 volt outputs and recorded on the 
tape recorder. Prior to mounting the anemometers in the towers, all 
cup anemometers as well as the hot wires were calibrated in the Colorado 
State University wind tunnel against a pitot probe of known performance. 
Calibrations were performed twice, in February and June 1971. 
Mirror position - The mirror position, with zero oriented directly 
east for convenience, was calibrated for zero and full scale ouput, with 
the assumption of linearity with angular position. Since the position 
was indicated by a potentiometer, the assumption seems justified. 
Spectrwn ana lyzer - Proper settings of the spectrum analyzer 
controls were established consistent with the prevailing wind speeds. 
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The sweep of the spectrum analyzer was triggered by an external square 
wave from a stable function generator by a change from negative to posi-
tive voltage. A known deviation frequency was input to the spectrum 
analyzer and the resultant signal from the IF output was recorded as the 
frequency band was swept. This calibration thus provided the reference 
for detennining velocity from the Doppler shifted frequency of the back-
scattered radiation. 
Noise calibration - The final pre-test calibration was made of the 
background noise emitted from the detector. With the detector dewar 
charged with liquid helium, and the main laser beam to the telescope 
blocked, the output signal from the detector which consisted only of 
noise was recorded. 
Data Recording 
After completing the pre-test preparations and calibrations, data 
were recorded on the tape recorders for nominal periods of one hour 
duration. Constant monitoring of the data was provided, and instrument 
adjustments when necessary were properly recorded as to time and nature. 
The turbulence range of interest extended only to a maximum of 5 Hz, 
thus the CP-100 tape recorder was operated at 7½ inches per second (ips) 
and the FR-1300 recorder at 1-7/8 ips. The higher speed of the CP-100 
recorder was necessary to record the Doppler signals from the spectrum 
analyzer. At 7½ ips the recorder amplifiers are responsive to 2.5 KHz. 
Anomalies in the data noticed were recorded on a voice channel 
(direct record) of the tape recorder, as well as on the data record 
sheet (Figure 14). 
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DATA REDUCTION PROCEDURE 
All data for this investigation were analyzed digitally, the 
digitizing being done in prescribed sets in simultaneous sample and 
hold mode at the NASA-MSFC computer center. The digitized data were 
analyzed at the Colorado State University computer center. 
Selection of Digitizing Rates 
The turbulent frequencies of interest in this study are less than 
5 Hz, thus the digitizing frequency should be at 10 samples per second, 
and also, because in general the recorded information should be related 
to the same instants of time, a simultaneous sample and hold mode was 
used in digitizing. The analog signals were filtered at 5 Hz (real-
time base). 
The scan rate of the spectrum analyzer for Doppler frequencies was 
16 Hz. Since the Nyquist frequency is equal to one-half sampling 
frequency, 
f 
f - D N - 2 
the highest frequency information contained in the recorded signal is 
8 Hz. However, the usual criterion of digitizing rate to obtain this 
frequency information does not apply. The objective in data reduction 
was to determine the location (time base) of the Doppler signal with 
reference to zero frequency, hence of Doppler frequency and of wind 
velocity. The bandwidth and resolution of the spectrum analyzer deter-
mines the nature of the Doppler signal. If we view the peak signal in 
the bandwidth as depicting the mean velocity in the prescribed resolu-
tion interval, then the digitizing rate of the Doppler signal is 
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independent of the spectrum analyzer settings . Thus with a view to 
maximizing the frequency resolution (of the peak) in a given sweep, 
a choice of 250 points per sweep was made . . The choice of this digiti-
zing rate does however affect the total quantity of digitized data. Two 
channels of information, the external function generator and the IF 
output of the spectrum analyzer, were digitized at this higher rate, 
multiplexed on digital magnetic tape in binary format. The sampling 
rate for these channels was thus 4 KHz/channel and the data were filtered 
at 2 KHz. 
Multiplexed Data Groups 
The 26 channels of analog information were digitized in three 
separate groups. 
Group 1 - The sweep signal (square wave) and the spectrum analyzer 
IF(y) output were multiplexed and digitized at a rate of 4 KHz/channel. 
Group 2 - The climet anemometer and wind direction sensor, the 
mirror position, the hot wire output and six levels of wind speeds on 
the profile tower were multiplexed and digitized at a rate of 
10 Hz/channel. 
Group 3 - The ten channels of thermistor data were multiplexed and 
digitized at a rate of 10 Hz/channel. 
The remaining four channels of voice, time codes and wind direction 
on the profile tower were not digitized and were retained for reference. 
The time code information was of course used to identify the regions of 
the analog tape which were digitized. 
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Data Format 
The A/D converter ·used at NASA/MSFC generated data words of 10 bits 
plus sign. The packed format of the multiplexed data therefore were 
written in groups of 11 bits. The CDC 6400 at Colorado State University 
is a 60-bit word machine, thus some tape reading problems were presented 
with the original format of the generated data tape. In order to reduce 
the reading problem, the original data tapes were reformated to give data 
words which were 11 bits plus sign, or 12 bit words where a zero was 
inserted into the most significant bit. The packed 12-bit data words 
were thus conveniently separated and sorted from the 60-bit computer 
word. 
The data included a record of header information at the beginning 
of each data set, and a 24-bit time word at the beginning of each data 
record. This time word is a reference digitizing time, and relates to 
real time in accordance with the ratio of record to playback tape speed. 
However, for records of the order of 60 minutes real time duration, the 
time word (expressed in milliseconds) becomes excessively large. Thus 
the digitizing clock which recycles after 100 seconds requires accounting 
of the cycles to convert digitizing time to real time as well as the 
ratio of record to playback speeds. 
Data Reduction 
Laser Doppler signals - The bulk of data reduction involved the 
Doppler signals. The view adopted in computer program formulation was 
to devise a general, automatic program. This was successful to a 
degree, however sufficient problems with data anomalies were encountered 
that some initialization is necessary. Considerable time was spent in 
developing this feature of a data reduction program. In retrospect, 
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perhaps less automatic, sequential programs would be more economical in 
terms of total effort. The flow chart for the program is shown in 
Figure 15 and a listing is given in Appendix A. 
The essential technique is as follows: Data from Group 1 (identi-
fied above), and the first channel of the multiplexed data of Group 2, 
are necessary to convert the spectrum analyzer data to wind speed. If 
the mirror direction varies in the data period, that information is also 
required. 
The cup anemometer wind speed, the hot wire data and the profile 
information can be processed separately, but because the two groups of 
data were arranged on different tapes and had to be read in 11 simulta-
neously11 to analyze the Doppler signal, the program included processing 
of these data at the same time. It should be noted here that several 
alternative methods were recognized from the outset, and a one-pass 
automatic program seemed feasible and most desirable. Ultimately the 
profile data program was separated from the others and analyzed in a 
separate pass. The flow chart in Figure 15 reflects this variation to 
the original technique. 
The program first determines the input-output calibration of DC 
voltage. This calibration enables conversion of such data as wind and 
mirror directions, cup anemometer speeds and hot wire turbulence velo-
cities from tape output voltage to true voltage hence to the physical 
quantities. The next step in the analysis is to determine the calibra-
tion Doppler frequency. That is, the known frequency input is identi-
fied in the time space (number of points) from zero frequency, and 
since velocity is linear with Doppler frequency, then calibration is 
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Figure 15. Simplified Flow Chart of Doppler Data Reduction. 
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distinguish the Doppler 11 peak 11 from the background noise, the noise 
calibration established the noise level across the entire frequency 
band of the spectrum analyzer. In the program the S/N ratio is a 
variable and may be set at any level compatible with the recorded 
Doppler signal. 
The first step in the data analysis is to read in one record from 
the multiplexed Group 2 data. Each digital value is converted to velo-
city, and reference times for each value are calculated. The velocities 
and reference times are stored. The cup and hot wire data are digitized 
at identical times, thus one reference time serves both channels of 
infonnation. Means and variances are calculated. Wind \direction voltages 
are averaged for 10 seconds (one record) and converted to angle with 
respect to the laser beam. The value is temporarily stored. The mirror 
azimuth (direction) is averaged and checked. If no change occurred 
(i . e. the mirror was not rotated) the infonnation is redundant and 
di sea rded. 
The first record of Group 1 is then read in. Each spectrum analyzer 
scan, approximately 250 points, is searched for zero frequency (the change 
in voltage of the square wave from negative to positive identifies the 
beginning of the sweep) and the Doppler signal. The reference time for 
Doppler-converted velocity is referenced to the beginning of the sweep. 
Successive sweeps and time words at the beginning of each record references 
the true time of the calculated Doppler-measured velocity. The first 
identifiable Doppler peak is accepted as the measured velocity. To deter-
mine the peak value, comparison is made to successive points, and if the 
signal level (voltage) drops, the previous point is accepted as the 
Doppler frequency. It is possible that in a given sweep there is no 
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Doppler signal (signal dropout), in that event, the velocity detennined 
in the previous sweep is recorded. The Doppler-indicated velocity is 
then converted to wind velocity by the 10-second average angle of the 
wind direction with respect to the laser beam axis (mirror direction). 
There are 3000 data points (2 channels) in each record of the 
Group 1 data. This corresponds to 6 sweeps of the spectrum analyzer 
and 0.375 second in tenns of real time. Successive records of Group 
1 are read in and analyzed until the real time reference period 
exceeds the real time period of the data read in from the Group 2 
data. Additional Group 2 data are then read and reduced, and the 
process repeated. 
The stored values of velocities and reference times are periodically 
purged from storage and written on a magnetic tape. Thus the entire test 
record is converted to velocity-time history with the same reference 
times for the cup anemometer and hot-wire data, but a different reference 
time for the Doppler-indicated velocities. 
The generated velocity-time history tape is then reprocessed to 
obtain the statistical characteristics of the turbulent wind data. These 
characteristics are the mean, variance (standard deviation), probability 
density and spectral densities {power spectrum). 
Velocity profiles - The velocity profiles are calculated in a 
straight forward manner, using the other six channels of data in Group 
2. Only the mean values are of concern, and ten-minute average velo-
cities are calculated for each anemometer. The calibration data for 
voltages, and the prior wind-tunnel calibrations, are all that 
are required. A program listing is given in Append i x A. 
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Temperature profil es - Temperature and humidity profiles likewise, 
are relatively straightforward requiring manufacturer's calibration data 
for the thermistors and conversion of average tape voltage to true 
voltage. The resistances are calculated from a standard bridge equation, 
hence temperatures are determined. The program listing is given in 
Appendix A. 
EXPERIMENTAL RESULTS AND DISCUSSION 
Calibrations 
Climet anemometers - Calibration curves of the climet anemometer, 
Series No. 828, are shown in Figure 16. The calibration was performed 
in a wind tunnel with the translator set for 1 volt output at 1896 Hz 
input (signal frequency generated by the cup) for the 60 scale setting 
on the translator. Ordinarily, the translator is adjusted to output 1 
volt for specific input frequencies on each scale. However, for purpose 
of this calibration, adjustment was made for 1 volt output on the 60 scale 
only (any frequency would have served as well) and outputs read from both 
30 and 60 scales. In setting the translator during an experiment, there-
fore, adjustment was always made only for the 60 scale. The output is 
linear with velocity as seen in the figure. 
The CP-100 tape recorder has a low input impedance, causing a 
loading problem with virtually all the instruments connected to it. 
Thus the cup anemometers and hot wires were calibrated with the outputs 
connected to the tape recorder. 
Ho t -wi r e anemometer - A typical calibration curve for the hot-wire 
anemometer is shown in Figure 17 . For purpose of this investigation, 
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of interest, the curve was linear. A linearizer was not used with the 
anemometer. Instead, each digitized data point was converted to actual 
\ 
voltage and velocity calculated from the calibration. 
Measurements of Run 50801 (May 8, 1971) 
The data for this test were taken from 1:48 pm to 2:45 pm, covering 
a period of approximately one hour. At the beginning of the test the 
I 
wind was blowing from the south-southeast (30 degrees east from south) 
which gradually changed to south-southwest (15 degrees west from south) 
by the end of the test period. The wind speed was reasonably constant 
at about 4 m/sec (9 mph) throughout the test period. Particle counts in 
the atmosphere were not available for this test; however, with the pre-
vailing south wind , the pollution from Denver was evident as a blue haze 
along the horizon. This was also reflected in the strength of the Doppler 
signals on the spectrum analyzer. 
Ve locity prof iles - The velocity profiles for successive 10-minute 
periods throughout the test are shown on Figure 18. The velocity profiles 
were logarithmic as expected; however, the slope of the profiles differ, 
indicating that the effects of accelerating and decelerating winds 
(gusts) are reflected in the profiles. It will be seen in the time 
traces of velocities that the fluctuations are of the same order of 
magnitude as the means, and the mean values change with time. The 
analysis to establish the profiles assumes piece-wise stationarity. 
Spectrum analyzer set tings - The following settings were made on 
the spectrum analyzer: 
Sweep rate : 5 ms/cm 
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Figure 18. Velocity profiles for test period 50801. 
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Frequency Dispersion: 0.2 MHz/cm 
Filter Bandwidth: 10 KHz 
Bandwidth: 30 KHz 
The calibration frequency was 1.007 MHz (5.34 m/sec) which is 
pictured in Figure 19. The noise level from the detector is shown in 
Figure 20. The photograph is the oscilloscope trace from playback (at 
record time) of the recorded signal on the CP-100. The signal is inver-
ted to avoid confusion with the square wave shown at the top part of the 
picture. The vertical scale is 200 mv/cm. 
Typical Doppler signals are shown in Figures 21 and 22. As noted, 
the S/N ratio is large, but the spectral bandwidth is also large. Peaks 
in the signal of the kind shown in Figure 21 are relatively easy to 
determine; however, multiple peaks are evident in Figure 22. In these 
instances, the first largest peak is detected, and the others ignored. 
There were undoubtedly particles of different sizes in the focal region 
with different angularity with respect to the laser beam axis which cause 
the multiple peaks in a given sweep. 
Velocity time traces - Time traces of velocity from the cup anemo-
meter, hot wire and the LDV, for two consecutive 4.26-minute periods are 
shown in Figures 23 and 24. Mean velocities for each 4.26-minute 
interval have been subtracted; the fluctuations thus are referenced to 
zero for each plot. 
As seen in these traces, there is reasonable conformance between 
the cup anemometer, hot wire and LDV outputs. It should be noted here 
that the cup anemometer was at a level 11.3 meters above ground, the 
hot wire was 0.3 meters below the cup level and the laser beam axis was 
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Figure 19. Calibration frequency 1.007 MHz. Figure 20. Detector noise calibration. 
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Figure 21. Sample Doppler signal. Figure 22. Sample Doppler signal. 
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Figure 23. Time traces of wind velocity. 
Test 50801, Interval 1 
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farther upwind. It should be noticed in making visual comparisons that 
the vertical scales are different for the traces. 
Means and variances - The means and variances from a 34-minute 
interval of the total record were analyzed and are shown in Table 3. 
The choice of a 34-minute period was based largely on the limitations 
of the spectral analysis program. This was also a sufficiently large 
period to reflect a reasonable confidence interval for the spectral 
densities. 
TABLE 3. MEANS AND VARIANCES FOR TEST 50801 
4.26-Minute Mean Velocities m/sec Variances {m/sec} 2 
Intervals Cup Hot Wire LDV Cup Hot Wire LDV 
1 4.203 4.232 4.044 .612 .604 .689 
2 4.486 4.488 4.253 .539 .524 .672 
3 3.762 3.799 3.585 .340 .258 .348 
4 4.245 4.270 4.247 .458 .355 .596 
5 3.976 4.000 3.953 .444 .340 .526 
6 3.823 3.847 3.693 .342 .342 .503 
7 3.618 3.642 3.489 .623 .598 .573 
8 4.212 4.235 4.073 .461 .361 .674 
Averages 4.041 4.064 3.917 .472 .413 .567 
The mean wind speeds detected by the LDV is in overall 3 -percent 
agreement with the cup anemometer, and within 5 percent for any given 
4.26-minute interval. The greater spread for smaller time intervals is 
to be expected because of the spatial spread of sampling points for the 
two instruments. 
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The variances for LDV are larger than those detected by either 
the hot-wire or the cup anemometer. It is surprising to note also 
that the variances for the hot wire are less than that for both the 
cup anemometer and LDV measurements. The greater variances for the 
LDV results are due in part to the fact that only mean horizontal 
angularity of the particle motion with respect to the laser axis is 
included in the correction. Thus there are greater variations of 
velocities from the mean. This is observed also in comparing the 
mean speeds for the three data sets. The mean is lower for the LDV 
as compared to cup speeds. 
Probabi lity di s tributions - The distributions of velocities about 
the means for the three instruments are shown in Figure 25. These data 
are in terms of standard deviations, and are not normalized so that 
straight lines are drawn from one data point to another. The distribu-
tions are skewed to the right. This skewness is governed by the nature 
of the turbulence in the atmosphere rather than by instrument response, 
as it can be seen that all three instruments respond similarly. The 
percentage of data near the mean is greater for the cup anemometer than 
for the other instruments, as was suggested in the preceding paragraph, 
the percent of low velocities appear to be greater for the LDV than for 
either cup or hot wire measurements . 
Spectral densities - The spectral densities for measured turbulence 
in the atmosphere are shown in Figures 26, 27 and 28 for the cup, hot 
wire and LDV instruments, respectively, and a comparison of the three 
are shown on Figure 29. 
There are apparent energy concentrations in the spectra for the 
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1.25 Hz. These must be due to mechanical aliased frequencies from the 
tape recorder, for they appear in the hot-wire and cup anemometer data 
but not in the LDV data. Mechanical aliasing does not appear in the 
LDV data because of the manner in which the velocity-time history is 
generated (see section on data reduction). 
If the aliased spectral densities are ignored, it can be seen that 
the hot-wire and cup anemometer have identical spectra up to 0.4 Hz. 
Beyond that frequency, the spectrum decreases because of the limited 
frequency response of the cup anemometer. The cup anemometer data may 
in principle be corrected by a frequency response function (see Camp 
1965), but in this study the correction was not made, as the comparison 
spectrum for higher frequency is given by the hot-wire anemometer data. 
The response of the constant temperature hot wire used here is up to at 
least 1 KHz and the data were filtered at 5 Hz before digitizing. 
As it is seen on Figure 29, the spectral densities for the LDV-
measured turbulence is slightly greater for frequencies less than 1 Hz, 
but essentially parallel to the hot-wire data. For higher frequencies, 
there appears to be more energy contained in the LDV-measured turbulence. 
This must be aliased information because the hot-wire data do not show 
this trend. 
The aliasing must arise from the technique used in data reduction. 
While the spectrum analyzer is being swept (sampled) at a rate of 16 Hz, 
thereby effectively establishing the Nyquist frequency, the velocity 
time data cannot be filtered at 8 Hz before the sampling is done. That 
is, turbulence of higher frequency transporting aerosol and solid parti-
cles in the atmosphere are sensed in the resolution volume of the LDV. 
Thus in calculating the velocity from the sampled spectrum, the aliasing 
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from higher frequency cannot be avoided. What is surprising, however, 
is to note the magnitude of the aliased spectrum in the LDV-rneasured 
turbulence indicated by the deviation beyond 1 Hz. 
Measurements of Run 32701 (March 27, 1971) 
The data for this test were taken from 3:30 pm to 4:18 pm, a period 
of 48 minutes. The wind was essentially steady from the north-east (60 
degrees east from north) at around 12 m/sec {27 mph). Particle counts 
in the atmosphere were not available for this test. There was an arctic 
front moving in from the north and the air was "clean." Visibility was 
virtually unlimited. The laser beam axis was directed downwind in this 
test because the direction of the wind was such that the laser beam axis 
would have been close to a vertical leg of the tower. 
Velocity profiles - The velocity profiles for successive 10-minute 
intervals are shown on Figure 30. The profiles are logarithmic and the 
mean velocities increased in the first 20 minutes of the 50-minute period 
and decreased thereafter. The spread of mean velocities for the total 
period varied from about 10.7 to 13 m/sec at the level of the focal re-
gion of the laser beam. 
Spectrum analyzer settings - The settings of the spectrum analyzer 
were as follows: 
Sweep rate: 5 ms/cm 
Sample rate: 16 sweeps/sec 
Frequency dispersion: 0.5 MHz/cm 
Filter Bandwidth: off 
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Figure 30 . Velocity profiles. Test 32701 
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The calibration frequency was 4.009 MHz (21.2 m/sec) which is shown 
in Figure 31. The noise level from the detector is shown in Figure 32. 
The vertical scale in the oscilloscope trace is 100 mv/cm. 
Typical Doppler signals are shown in Figures 33 and 34. As noted, 
the S/N ratio is small and the spectral dispersion is also small. There 
were larger periods of signal dropout, that is sweeps when there were 
no detectable signals. In these instances the analysis was made assuming 
that the velocity indicated in the current sweep was equal to that of the 
previously detected velocity. 
Velocity time traces - Time traces of velocity from the three 
instruments are shown in Figures 35 and 36 for two representative 
4-minute time intervals. 
There is reasonable agreement between the cup anemometer and hot-
wire traces in general trend of mean velocities. However, the turbulent 
fluctuations in the hot-wire signals are greater than that indicated by 
the cup anemometer traces. The LDV signals have several peculiarities. 
The fluctuations are clipped at both the upper and lower limits. These 
clipped signals are results of the low S/N ratio and the computer pro-
gram. As indicated previously, the low particle concentration in the 
atmosphere often caused no detectable signal in a given sweep of the 
spectrum analyzer. In such instances the velocity was set equal to the 
irrmediately-previous calculated velocity. At the lower end, the signal 
was lost in the noise (see the noise calibration trace of the oscillo-
scope) and a previously higher value was then identified as the velocity 
for that sweep. There are noticeable high peaks in the LDV trace. It 
is believed that these signals are spurious, resulting from identifica-
tion of high noise peaks as Doppler signals. The trend of mean 
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Figure 31. Calibration frequency 4.009 MHz. Figure 32. Noise calibration. 
Test 32701 Vertical scale is 100 mv/cm 
Test 32701 
Figure 33. Typical Doppler signal. Figure 34. Typical Doppler signal. 
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Figure 35. Time traces of wind velocity 
Test 32701, Interval 3 
(For means and variances see Table 4) 
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Figure 36. Time traces of wind velocity 
Test 32701, Interval 5 
(For means and variances see Table 4) 
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velocities is generally identifiable, but the comparison is not as 
favorable as for test 50801. 
Means and variances - The means and variances from a 34-minute 
interval of the total record are given in Table 4. 
TABLE 4. MEANS AND VARIANCES FOR TEST 32701 
4.26-Minute Mean Velocities m/sec Variances {m/sec} 2 
Intervals Cup Hot Wire LDV Cup Hot Wire LDV 
1 12.041 12.152 11. 697 2.686 5.067 4.326 
2 13.659 13.835 13.460 4.951 4.281 6.111 
3 13.164 13.203 13.990 6.497 7.258 9.897 
4 13.973 14.094 14.226 4.117 5.382 5.415 
5 13.486 13.575 14.557 5.167 5.429 6.833 
6 12.658 12.697 12.441 2.812 3.349 6.620 
7 12.417 12.578 11. 570 4.000 6.290 3.193 
8 11.453 11. 551 10. 071 2.934 3.826 2.802 
Averages 12.856 12.961 12.751 4.093 5.040 5.448 
The average wind speed detected by the LDV in the 34-minute period 
is within 1 percent of the cup and hot wire averages. There are larger 
variations however for the shorter 4.26-minute intervals, and as the 
time traces would suggest, variations become greater for even shorter 
periods. As noted in the preceding section, these are undoubtedly caused 
by the spurious signals in the velocity calculations. The mean velocities 
measured by the hot wire were generally larger than the cup anemometer, 
and the variances as expected are definitely greater because the frequency 
response of the cup anemometer is limited. 
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Over a 34-minute period, the fluctuations (variances) detected by 
the LDV are larger than those of the hot wire. This was also true for 
Test 50801 which had considerably lower mean wind speeds. Again, the 
spurious signals in the LDV velocities contribute significantly to 
variances. 
Probabi l ity distributions - The distributions of velocities about 
the means for the three instruments are shown in Figure 37. Turbulence 
velocities are skewed to the left for all three instruments. The LDV 
data indicated difficulty in tracing the larger velocities. As explained 
previously, this could be due in part to the three dimensional nature of 
turbulence and only the horizontal angularity was corrected (in the mean) 
in these measurements. This feature of the LDV traces was noted also for 
test 50801 . 
Spect ral densities - The spectra for the cup anemometer, hot wire 
and LDV data are shown in Figures 38, 39 and 40, respectively. For 
comparison, the three are replotted in Figure 41. Spikes of high fre-
quency are again noted at 2.5 and 5 Hz in the cup anemometer spectra. 
It was noted that the time traces of the LDV data included spurious 
spikes of high velocity. These spikes are transformed into the spectra 
and are noted particularly as spikes of power near 1 and 3 Hz. These 
spikes in the spectra were ignored in replotting on Figure 41. 
The spectra of turbulence measured by the LDV and hot wire compare 
favorably. This is also indicated by the comparison of variances in 
Table 4. The cup spectra however drops off at around 0.2 Hz because 
of the limited frequency response. Response corrections for the cup 
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Measurements of Run 101401 (October 14, 1971) 
The data for this test were taken from 9:16 pm to 9:55 pm, a 
period of 39 minutes. The wind was from the north-northwest across the 
clear grassland. The mean wind speed varied from about 4 m/sec at the 
start of the test to about 5.7 m/sec at the end. The wind direction 
remained constant. With a northern weather front moving in, the air 
was clear, (little pollution), and visibility was good. 
Spectrum ana lyzer settings - The settings of the spectrum analyzer 
were as follows: 
Sweep rate : 
Sample rate: 








The calibration frequency was 1.691 MHz, which is shown in Figure 42. 
The noise level is shown in Figure 43. It will be noted that reference 
zero frequency is sh i f t ed slightly from the pulse rise of the square 
wave, resulting from a horizontal axis shift of the spectrum analyzer. 
An accounting of this shift was made in data analysis. 
A sample trace of one sweep of the spectrum analyzer is depicted 
in Figure 44. The S/N of the Doppler trace is small but was sufficient 
to discriminate from noise . There were drop outs in Doppler signature 
as indicated by the time traces of wind speeds. 
Ve loci t y time traces - Time traces of wind speeds from the cup 
and hot wire anemometers and the LDV are shown for representative 
4-minute intervals in Figures 45 and 46. As with the two previous tests, 
the mean trends correspond with apparent differences in turbulence 
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Figure 45. Time traces of wind velocity. 
Test 101401, Interval 1 
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Figure 46. Time traces of wind velocity. 
Test 101401, Interval 5 
(For means and variances see Table 5) 
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fluctuations. The large number of low points in the LDV signature 
resulted from the low S/N ratio; particularly by having to set a low 
level trigger in the computer program. The spurrious high peaks are 
believed to be caused by extraneous signal in the Doppler sweep. There 
are not enough of these to cause difficulty with the statistical anslysis. 
Means and varianees - Means and variances for the entire 34-minute 
test period are given in Table 5 for each 4.26-minute segment. 
TABLE 5. MEANS AND VARIANCES FOR TEST 101401 
4.26-Minute Mean Velocities mLsec Variances (mLsec)2 
Intervals Cup Hot Wire LDV Cup Hot Wire LDV 
1 5.150 5.154 5.451 .760 .654 .770 
2 5.535 5.543 5.677 .736 .600 .847 
3 5.425 5.479 5.722 .940 .760 . 977 
4 6.052 6.092 6.463 .813 .744 .856 
5 5.381 5.406 5.742 . 714 .586 .692 
6 6.417 6.426 6.698 .822 .809 .879 
7 6.417 6.457 6.821 .702 .659 .707 
8 5.958 5.996 6.218 . 745 .614 .675 
Averages 5.792 5.819 6.099 .799 .678 .800 
The average wind speed indicated by the LDV measurements is about 
5 percent greater than that indicated by the cup anemometer. This is 
comparably about the same as for Test 50801. The variance for the LDV 
is greater than for the anemometers. Also, the variance for the hot 
wire is less than that for the cup anemometer as was the case also for 
Test 50801. 
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'Probabi l ity distributions - The distributions of velocities about 
the means for the three instruments are shown in Figure 47. The 
turbulent fluctuations are more normally distributed about the mean 
than was the case for the previous two tests. As before, the probability 
distributions compare favorably one instrument to another. 
Spectral densities - A comparison of the spectral density distributions 
with frequency for the three instruments is shown in Figure 48. The 
spectral distribution for the cup anemometer drops off slightly at about 
0.5 Hz, the hot wire spectrum decreases on a constant slope and the LDV 
spectrum tends to level off for higher frequencies. The 2.5 and 5 
hertz spikes were not included in drawing these spectra. The comparisons 
are reasonable to about 1 Hz frequency. 
Frequency tracker - Considerable difficulty was experienced in 
tracking the LDV output with the frequency tracker. The tracker 
required frequent adjustments during the test, and tracking was often 
lost. Consequently the tape recorded output was too intermittent and 
analysis was difficult. 
From observations during the test, it was noted that when tracking 
was achieved, the D.C. output (although slightly nonlinear) corresponded 
with the mean Doppler frequency, hence with the indicated wind speed. 
The A.C. output however did not corresoond very well with the turbulent 
fluctuations. For example, in Figure 49, is shown a simultaneous trace 
of the hot wire and the A.C. output from the tracker for Test 101401. 
The hot wire leads the laser focal volume by about 3 meters and the 
average wind speed was about 6 meters per second. The horizontal sweep 
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Figure 48 . Comparison of spectral density distributions. 
Test 101401 
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Figure 49. A.C. Tracker and Hot Wire Traces. 
Test 101401 
The A.C. output (top trace) resembles noise rather than turbulence, 
while the hot wire output is clearly that which traces the turbulence. 
The intermittency of the tracker signal created considerable difficulty 
with digital data analysis. After considerable effort, this part of the 
data analysis was abandoned. The particular frequency tracker used in 
these tests (1971) should be modified to provide long-term uninterrupted 
velocity-time histories. This of course is related to Doppler S/N 
ratio and to the concentration of aerosols which provide the Doppler 
shifted signals. With no Doppler signature (signal drop out) there can 
be no tracking regardless of the quality and design of the frequency 
tracker. 
Measurements of Run 102501 (October 25, 1971) 
Test time was from 2:04 pm to 2:45 pm. The wind was from the 
south-southeast at about 5 m/sec. There were no active weather fronts 
in the vicinity and the sky had been clear for the day. Some pollution 
was evident in the air, but visibility was good. 
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Spectrwn analyzer settings - The settings were as follows: 
Sweep rate: 5 ms/cm 
Sample rate: 16 sweeps/sec 
Frequency Dispersion: 0.2 MHz/cm 
Filter Bandwidth 10 KHz 
Bandwidth: 30 KHz 
The calibration frequency was 1.678 MHz as shown in Figure 50. 
The noise level from the detector is shown in Figure 51. The vertical 
scale is 200 mv/cm. A sample Doppler trace of one sweep is shown in 
Figure 52. As is observable, the S/N ratio is small which made data 
analysis difficult. 
Velocity time traces - Time traces of velocity from the cup and hot 
wire anemometers and the LDV are shown in Figures 53 and 54. There was 
much more variability of wind speeds during this test than in previous 
tests. The smaller scale turbulence is superimposed on larger scale 
variations. Thus, it should be expected, as will be seen later, that 
the power spectra would indicate greater power at the lower frequencies. 
Some amount of dropout in signals is indicated for the LDV. In general 
comparisons of the time traces appear satisfactory. 
Means and variances - The means and variances for 8 segments of a 
34-minute time period are given in Table 6. 
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Figure 53. Time traces of wind velocity. 
Test 102501, Interval 1 
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Figure 54. Time traces of wind velocity. 
Test 102501, Interval 2 
(For means and variances see Table 6) 
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TABLE 6. MEANS AND VARIANCES FOR TEST 102501 
4.26-Minute Mean Velocities mLsec Variances (m/sec} 2 
Intervals Cup Hot Wire LDV Cup Hot Wire LDV 
1 4.397 4.444 4.298 1.077 .900 .984 
2 4.154 4.169 3.946 1.372 1.273 1.418 
3 6.025 6.010 5.805 .762 .482 .762 
4 4.943 5.000 4.683 1.450 1.162 1.436 
5 5.307 5.315 4.989 .992 . 717 .921 
6 4.713 4.748 4.252 .873 .710 .953 
7 5.082 5.102 4.878 .933 .702 .968 
8 5.278 5.284 5.004 .628 .385 .666 
Averages 4.987 5.009 4.732 1.011 .792 1.014 
The average wind speed indicated by the LDV is within 5 percent of 
the cup and hot wire averages. The comparison is reasonably good. 
Probability distribut ions - The distributions of velocities about 
the means for the three instruments are shown in Figure 55. Turbulence 
velocities are skewed to the right. The distributions are about the 
same as for the other tests. 
Spectral densities - The spectral distributions of turbulence are 
shown in Figure 56. As was noted earlier the lower frequency variations 
of velocities produced greater power spectral densities at the lower 
frequencies. The cup anemometer response drops off at about 0.5 Hz, 
and the LDV tends to level off for frequencies greater than about 2 Hz. 
The comparison of spectral distributions is reasonably good. 
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OBSERVATIONS ANO CONCLUSIONS 
As a consequence of the comparisons presented, the following 
observations can be made regarding the one-dimensional LDV system. 
1. The gross features of atmospheric phenomena in the boundary 
layer are measured by the LOV system. The time traces show 
reproduction of these gross features and comparison with 
other anemometers are favorable. 
2. Mean values determined from the LDV data are in general within 
5% of other anemometer data for long (34-minute) time periods. 
The variations are larger for shorter time periods, chiefiy 
because of larger variations in measured velocities. That the 
LDV measures larger velocities is also indicated by the proba-
bility (percent) distributions of the data and by the spectral 
distributions with frequency. 
3. The confidence of measuring high frequency turbulence {greater 
than 2 Hz in atmosphere) is not yet established. 
4. The technique for data reduction of the LDV data is cumbersome 
in its present form. Immediate improvements can be made by 
including on-line analog to digital equipment including a 
special purpose minicomputer to calculate the velocities from 
the digitized data. Alternatively an analog system to detect 
Doppler signals such as an improved frequency tracker could be 
used. The frequency tracker used in this study required 
very fine tuning, and dependable frequency lock was not achieved. 
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APPENDIX A 
A-1 Computer Program for Analysis of Doppler Signals 
A-2 Computer Program for Determination of Velocity Profiles 
A-3 Computer Program for Determination of Temperature and 
Humidity Profiles 
APPENDIX A-1 
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NOJ Sfl2,~~ITAPE,M~lnNS T 
6 FOR~Al(IH ,• fQ S TAPE =*A4* F~~flNT =•A4• fRSTLAS =•A4 • fRSTNOS =•A 
, 4• NTA~Fll =•13• NLASF12 =•[Jo NINSFll =•!l• NU!Sfl2 ••IJ• wRITAPE 
•=•Al* MQCONST =•A)) 
, NLALflL,NCALTAP,NWFC 
9 fOP~AT!IH ,* TI MAOJl TIMA0J2 =•FIO,l• TIMAOJ3 =•flO,l• TIH 
,A OJ4 =•flO,lo TIMA OA =•FI0,1/• NkEC2 ••15• NRECJ =•lb• NREC4 ••lb 
•• NCALF IL =•12• ~C ALfAP =*12• NREC • *l41 
RElll!NO I 
REWIND 2 
IF CWWITAPE ,Ea. JHYESI REWINO 3 
FRSTPT = lHYlS 
IEXTIM E 0 
MUL TIME = I 





CALV ELO= 0,0 
NSWPS = 0 
NR[CORI= 0 
NAECOA2=0 
NT QJG = I 
NflLEI • l 
NFILE2 = 1 
ZE PO TMI= 0,0 
IEX IT = 3H 1~0 
IEX IT2 = ]H NO 
SLASTPT I0,0 
IC>< MH,E = 0 
FACT OR I SQRT(2,)/(2,••9-1~01 
~-. ...... : 
• 




































l : I ':>5 




fRSTSPO = JHYES 
NTAPE2 = I 
NEl\TPTS = 0 
NAVEWO = l'l 
NOATAPT I 
JCLOCKI = 0 
JCLOCK2 = 0 
I..,I '-1D = l 
IPOl'H = I 
. JCOUNT = 0 
If (I OEN TI .ra. lHYESI CALL HEADER! 
If IIDENT2 . Ea. JHYESI CALL HfAOER2 
If lfRS TAPE .Ea. 3H OKI GO TO 20 
Nf"LSKPI = 0 
NRCSKPl = I 
CALL SKPEOfl 
COC .6400 FTN Vl.O-P261 OPT•O 02/10/72 13.01.02. 
20 If ICALTA P~ .Ea. lHYESI CALL TAPECAL 
If (CALTAPE .Ea. 3HNEOI REAOl 5•lll ISLOPEIIl•ZEROTAPIJl,l•l,21 
11 f ORM AT(4fl0.31 
lfl NF' lL EI . GT . NTAPflll GO TO 21 
NfLSKPl = 1 
IIIPCSKP I = 0 
CALL SKPEIJfl 
21 If ICALIIIJST .Ea. 3HYESI CALL INSTCAL 
If (CALI IIJ ST .Ea. JHNEOI REAOl5•lll SLOPEWO1SLOPEMD.WOINTER•DMINTER 
If (NflL El . GT. IIJlNSflll GO Try 23 
NfLS KPJ = I 
NRCSK PJ = 0 
CALL SKPEOfl 
23 lf(fRSTLAS .Ea. 3H OKI GO TO ?.4 
NFLSl(P2"' 0 
NRCSK P2 = I 
CALL SKP EOf2 
24 Jf <CALLAS .EO. JHYES) CALL L•SCAL 
If <CALLAS . EO. JHNE OI READIS .121 CALVELO.NPTSWP 
12 FO R..,AT (f!0.3• l<+I 
fLY BAC K = fLYdACK - OFLY~AC 
IF INfl LE l .GT. NLASfl21 GO Tn 25 
NfLSKP2 = 1 
NRCSKP2 = 0 
CALL SK PE Of 2 
25 If lf RS TNOS .EO. JH OK) GO TO 26 
NfLSKP2 = 0 
NRCS l( Pj? = I 
CALL SKPE0f2 
26 IF ICAL NO IS .Ea. 3HYESI CALL NOISCAL 
If (CAL NO IS .fQ. 3HNEOI REAOrS.41 (XNLEVELlll,1•1•2021 
4 FO RM AT ( I 13f6.0l I 
If trJF'ILE2 .e,T • N01Sfl2) GO Tr, 27 
NFLSKP2 = I 
NRCSKP? = 0 
CALL SKPEOF2 
27 CALL VOLTA OJ 
If (M~ CON ST .Ea. 3HYlSI CALL CONSTMR 
If IMRC ONST .NE. 3HNEDI GO JO 75 
; _ "' ........ 
• 

















































CDC 6400 fTN Vl.O-P261 OPT•O 02/10/72 • 
15 fOAMATClHq.~x•oIRECMR =•f10.1• CHGMR =•A3* TIMEMIR ••fl0.31 
75 JCLOCKI = 0 
ZEROTMl = O.O 
JCLOCK2= 0 
ZE~OTM2 O.O 
IDATAHw = I 
MULTIMI = I 
IEXTIME 0 
LASTIME = I 
'4UL l J ME = 1 
PRI NT 16 
16 fOP,.ATClHII 
l 00 CALL SPEED 
CALL AvEwl•W 
lfCP RlNTOK .EQ. 3HYESI WRITEC~,71NFILE2,NTAPE2 
7 fOR~AT(lHO,~x•LASER VELOCITIE~•5x•flLE•12,5x•TAPE•J2/lOX•TIME,SEC• 
.lOX•VELOClTY,M/SEC•lOX•RECOkD•I 
150 CALL BUfLAS2 
19f GIN = l 
175 00 ?00 M=l~EGIN,LENARR2 
If !YLASERl"I .GE. fLYBACKl Gn TO JOO 
ZOO COl\jTJNUE 
GO lO 150 
300 JCOUNT = JCOUNT • l 
'4 = M • } 
If (M .LE. LENARR21 GO TO 500 
400 CALL BUfLAS2 
'4= I 
500 IF" IYLASERIMI .GE. fLYIUCKI liO TO 300 
IF" IJCOlJNT .GT. 151 GO TO 600 
JCOUNT = 0 
IBE GHl = M 
If 1'4 .L E. LENAQQc?)GO TO 175 
GO TO 150 
600 M = M • IBEGCHK - l 
If IM .LE. LENARR21GO TO 650 
CALL BUF"LA~2 
M = M - U .t,ARRl 
650 JCOUNT = 0 
LAST= NPT~-P-1\jfLYBAC 
DO 800 I= lnEGCHK, LAST 
If IYLASE~IMI .GE. XNLEVELCII • 2.)GO TO 900 
M= ,. • I 
If IM LENARR21 GO TO 800 
700 CALL dUfLA52 
M = 1 
800 CO"ITINUE 
!BEGIN= M 
If lfkSTPT . EO. JHYESI GO TO 175 
VELOLA511POll\jf) = VELOLASCIPOTNT - 11 









































..... ,, .-- ' 
LASr>OP TRACE CDC 6400 FTN Vl.O-P26l OPT•O 02/10/72 13.01,02. 
TIME21IPOINTI= TIME21IPOINT-ll•INPTSWP•CHANNE2•TJMRAT21/0IGRAT2 
IF ITIME21IPOINTI .GT. IWINO*TIMAVWOIIWINO =IWINO • 1 
IF IAVEWOIIWINOI .NE.0.01 GO TO d2~ 
If IIEXIT .Ea. 3HYESI GO TO d?O 
IF IWRITAPE .Ea. JHYESI CALL LASWRJT 
!POINT= l 
810 CALL SPEED 
CALL AVEWIIIIO 
IF (PRINTOK .Ea. 3HYESI WRlrE16,71NflLE2,NTAPE2 
GO TO 825 
820 IWINO = IWINO - l 
If IAVEWDI IWINDI .Ea. 0.01 GO TO 820 
825 If IPRIIIITOK .NE. 3HYESI GO TO d75 
WPITEl6,31Tl~E21IPOINTl,VEL0LASIIPUINTl,NRECOR2 
875 !POINT = !POINT• l 
GO TO 175 
900 IF IYLASERCM•ll .LT. YLASERIMII GO TO 925 
I = I • l 
M = M • l 
uO TO 900 
925 TIME21IPOINTI = TIMRAT2•1tlTIME2-ZEROTM21/lOOOO•CCM l*CHANNE21/ 
OIGRAT;:>I 
fRSTPT = 3H NO 
If ITIM F. 2C!POINTI .GE. TIMEMIP .A. CHGMIR .Ea. JHYESI CALL CONSTMR 
If ITIMt:2111-'0IIIITI .GT. !WINO• TIMAVWDI IW[NO :z IWJNO • l 
If IAl/[4101 !WINOI . NE. O.OIGO TO ~J, 
If IIEXIT . rn . 3HYESI Go TO 910 
If (w AITAPE .Ea. JHYESI CALL t.ASWRLT 
!POINT= 1 
926 CALL SPEED 
CALL AV[W[NU 
If CPAINTOK .EQ. 3HYESI WRITEt6,71NflLE2,NTAPE2 
GO TO ~35 
930 IWI NO : !WINO - l 
[F" CAVE.•Ol !WINO) .Ea. 0.01 GO TO 930 
935 WOIPEC = AV [ WDIIWINO) OIAECMR 
J 
1000 
wOIPEC = twUIREC • 2. • J.1~,, 3b0. 
VELOLASCll-'O!NTl = Ill • 4l*lALVEL01/COSCWOIRECI 
If CPA!NTOK ,NE. 3HYESI GO TO 1000 
WRITE16,3)TIME21[POINTl,VEL0LASIIPOINTl,NAECOR2 
fO~MATIIH • SXF8.J,l5Xf6.l,14~[41 
!POINT= !POINT• l 
!BEGIN= M 
If (M ,LE. LENARR21GO TO 175 
GO TO 150 
END 
-



































COMMON/ 8C ALIRR/SLOPE121,ZEROTAP(21,SLOPEAN•ANINTER,SLOPEHW• 
SLOPEWO•WOINTEQ•SLO~EMO,OHINTER 
DIMENSION SUMCALl2~•SUHTAPl21,SQVALUE121•SUHACT(2l,ACT X TAP(2lt 
SUMSat2,51,RECMEANl?l•TOTHEAN12,5J,TEPMEAN12l,SUMEANl2lt 
TEMPSUMl21,STANOEVl?•51 
!CHECK = 0 
NSAMPLE = 0 
LASTCAL = 0 
ICALVAL = I 
00 100 I~ \,NCHANTP 
SUMEANI 11 = O.O 
TEMPSUl.411) = O.O 
SUMCALIII = O.O 
SUMACTIII = O.O 
SUMTAPIII = O.O 
SQ~ALUEIII = 0.0 
ACT X TAPIIl = O.O 
TEPMEANlll = O.O 
RECMEANlll = O.O 
DO \00 J=l,NCALVAL 
TOTl-lEA NlloJ) = O.O 
100 SUMSalJ,J) = O.O 
110 CALL BUfLASI 
GOTOBUf = 3H NO 
If IICALVAL .Ea. NCALVALI LASTCAL s LASTCAL • l 
00 120 1=1,~CHANTP 
00 120 K=l,L[NARRl 
120 SUMCAL(ll = SU"4CAL1ll • VOLTIJ,Kl 
If IICHECK .GT. Ol GO TO 151 
NSA~PLE = NSAM~LE • l 
00 140 I =l,NCHANTP 
R[Ct-ltAN(II = SUMCAL(II /LENARPl 
If INRECO HI .Ea. 11 GO TO 125 
If !RECME AN(II . GT. TOTl-lEANII,ICALVALI • VARITP .o. RECMEAN(I) 
.LT. TOTMEANll,ICALVALI- vARITPl GO TO 150 
125 00 130 K=l•LENARRl 
130 SUMSQII,ICALVALI = SUMSalI,ICALVALI • VOLT(l,KJ••2 
SUM EAN(II = SUM[ANIII • RECl-l[AN(l1 
SUMCAL (II = O.O 
TOTM[ANl l,lCALVALI = SUMEANIII/NSAHPLE 
If II .ED. 11 
.wRITE16,ll NR[CORl,ICALVAL,ACTvOLT(ICALVALI 
FOPMATl1H0,5X• REC ORO MEANS•4~•RECORO NUMBER•I4,7X•CALIBRATION•J2t 
.4X•INPUT VAL UE•fS.1/llX•CHANN •L•IOx•HEAN•lJX•CUMULATIVE HEAN• ox 
.•NUMBER RECORDS FOR CUMULATIVf "4EAN•I 
140 WRITElo,21!,RlCMEANl!l,TOTMEANll,ICALVALl,NSAHPLE 
2 FORMAT(lH .12x.,2.1ox,F8.4•l4••F8,4t2SX,l3) 
GO TO 110 
150 N5AMPLE = NS AMPLf - 1 
ICALVAL = !CALVAL • l 





















TRACE CDC 6400 FTN V3.0-P261 OPT•O 02/10/72 13.01.02. 
ICHECK • ICHECK • I 
WRITEl6o5l~~ECORl,ICALVAL,ACTVOLTl1CALVALI 
5 FORMAT(IH0.5X•TEMPORARY MEANs•dx•~ECORD NUM8ER•l4,IOX•CALl8RATION 
.•12.4X•INPUT VALUE •rs.1111x•cHANNtL•1ox•MEAN•I 
DO 170 I=l,NCHANTP 
RECMEANII) = SUMCALlll/LENARRI 
WRITEl6•6>J,RECMEANl11 
6 fO RM AT(lH ,l2XI2,lOXF8.4l 
SUMCALCII = o.o 
IF (ICHECK .EO. II GO TO 160 
00 155 K=l,LENARRl 
155 SUMSO([,ICALVALI = SUMSO(l,ICALVALI • VOLTll,K>••2 
TE"PSUMI II = TEMPSUM(II • RECMEANIII 
160 IF (RECMEANIII . GT. TOTMEAN(l,ICALVlL-11 • VAR(TP .o. RECMEANIII 
, .LT. TOTMEANll ,ICALVAL-11-VARITPI GOT08Uf • JHYES 
170 CONTINUE 
lf(ICHEC~ . uT• )I GO TO 180 
lfl GO TOAU F .lO. JHYESI GO TO 110 
DO 175 l=l, ~CH ANT~ 
TEMPSUM(II = O.O 
175 SUMSO(J,ICALVALI = O.O 
ICHECK = 0 
ICALVA L = ICALVAL - I 
C,Q TO 110 
180 IEND = ICALVAL - l 
wRITEl6,BIIEND,ACTVOLTIIENOI 
8 fO~MAT(lHO,/,SX•STANOARO OEVIATIONs•1ox•CALIBRATION•I2,sx•INPUT VA 
,LUE• F5,l/llX•CHANNEL•lOX•RMS•1 
00 190 l=l,NCHANTP 
STA~DEVl l•IENOI = SORTISUMS~IJ•IENOl/lNSAMPLE•LENARRll -
TOTMEANII,lENOl••ll 
190 WRITEl6,91J,STANOEVll,IENOI 
9 FQRMAT(IH ,12Xl2,7Xf9.JI 
NSAMPLE = !C~ECK - l 
00 ) 95 l=l, NCH ANTP 
SUMEAN(II = TEMPSUM(ll 
TOTM [ANl l,J CALVALI = TEMPSUM([I/NSAMPLE 
195 TEMPSUMIII = O.O 
IC>ifCK = 0 
If IICALVAL .LE. NCALVAL) GO TO 110 
WRITE16,IOINRECOR1 
10 fOQMAT(IH0.5x•ACTUAL vs TAPE vOLTAGE•lOX•LEAST SQUARE METHOD•SX•NU 
.MB EQ RECORDS USED FOR CALCULATIONS•lll 
DO 210 1=1,NCHANT~ 
00 200 J=l,N(ALVAL 
SUMTAP(II = SUMTAPIII • TOTMEANII,Jl 
SOVALUEIII = SOVALUEIII • TOTMEANII,Jl••2 
ACT X TAPIII = ACT X TAPIII • TOTMlANll,J)•ACTVOLT(JI 
200 SUMACTIII = SUMACTlll • ACTVULTIJ) 
SLOPE(() = (SUMACTIII •suMTAP(ll -NCALVAL• ACT X TAP(lll/ 
(SUMACT(ll••2- NCALIIAL•SOVALUEIIII 
ZEROTAPIII = (SUMACT(ll•ACT X TAPIJI - SUMTAP(ll•SQVALUEIIII/ 
(SU"IA CT(l)••2- NCA1 IIAL•S\JVALUEIIII 
•RITE 16, 1111, (ACTVOLT (JI ,TOl"l•AN( I,JI ,J=l ,NCALVALI 
























SUBROUTINE TAPECAL TRACE CDC 6400 FTN V3.0-P261 OPT•O 02/10/72 13.01.02. 
.ALCULATIONS•IOX•INPUT VALUE•Sx•TAPE VALUE•/Co9XF4.l,11XF6.3tt 
210 WPITEC6,l21SL0PE1It,ZEROTAPCII 
































LEVEL= IO HZERO INPUT 
NRECORI = 0 
IF IFRSTINT .Ea. JHYESI NRECORl = 
SU'4WO = o.o 
sworn = o.o 
SUMAVEw = O.O 
SUMAVEM = 0.0 
NSA'4PLE = 0 
JNSCAL 1 
TEMPWD = O.O 
TEI-IP'40 0.0 
I CH ~-CK = 0 
DO 100 I = loNJNSCAL 
SUM SQWO( l) = 0.0 
100 SUMSaMDlll = O.O 
Jr (NRECORI .Ea. 11 GO TO 175 
150 CALL BUfLA<;! 
GOTO~UF = )H NO 
IF (Nf!LEI .GT• 11 GO TO 850 
175 DO 200 K= loLENARRl 
SUMwO SUI-IWO • WINDIRECKI 
200 SUMMU = SUMMU • OIRMIRRIK) 
AVEWO = SUMWU/LENARRl 
AVEMO SUMMU/LENARRl 
SUMWD O.O 
SUMM O O.O 
If (NRECOK} .Ea. 11 GO TO loo 
IF <!CHECK .GT. 01 GO TO 600 
If (AVEWD .GT. TMtANWOl!NSCALI • VARIINI GO TO 500 




SUMAVEM = SUMAVEM • AVEMO 
NSAMPLE = NSAMPLE • 1 
TM[ANWOCJNSCALI = SUMAVFW/NSAMPLE 
TMEANMO(INSCALI = SUMAVEM/NSAMPLE 
wRITElb,!I NKECOR l,LEVEL.AVtMO.TMEANMOCINSCALloNSAMPLE,AVEWO, 
TM[ ANwUIINSCALltNSAMPLE 
FORMATCIHOoSK•!NSTAUMENT CAL1PRATION•5X•RECORO HEANS•SX•RECORO•Il• 
• sx• INPUT •A I 0/ lox• INS TR ,J MEN r • I OX•Rt:CORO l'IEAN• 1 ox•CUMULATlVE MEAN• 
.IOXoNUMSEH Of RE CORDS IN CUMULATIVE MEAN*/7X*MIAROR D!RECTION*9Xf6 
•• ).J9Xfb.3,JOXl2/ 8X•WINU OIRfCTION•l0Xf6.J,19Xfb.),30Xl21 
00 400 K=l,LtNARRI 
SUM SOWOCINSC ALl = SUMSOWUIINSCALI • WINDIREIKl••2 
SUM 5UMOCINSCALI = SUMSOMOIINS[ALI • OIRMIRRIKI ••2 
GO TO ISO 
INSCAL = l~SCAL • 
























SUBROUTINE INSTCAL TRACE CDC 6400 FTN VJ.O-P261 OPT•O 02/10/72 llo0lo02o 
IF IICMECK .LT. 21 GO TO 150 
TEMPWD = TEMPWD • AVEWO 
TEMPMO = TEMPMD • AVEMD 
IEND = !CHECK - l 
LEVEL= lOHfULL SCALE 
WPITE16,21~RECORl,LEVEL,AVEMO+TEMPMD,IEND,AVEWD,TEMPWD,lEND 
2 fORMAT(lHO,sx•TEMPOHARY SUMS•1ox•RECORD•IJ,lOX•INPUT •AlO/ 1ox•INS 
.TRUMENT*JOX•RECORO MEAN•1ox•suM OF RECORD MEANS•1ox•NUMRER OF RECO 
.PDS IN SUM•/ 7X•MIRROR OIRECTJON•9Xf6.J,20lF6.J+25ll2/8l •WIND DIR 
.ECTION•l0Xf6,3,20Xf6,J,25Xl21 
00 700 K=l,LENARRl 
SUMSOWOIINSCALI = SUMSOWOIINSCALI • WlNDlREIKl••2 
700 SUMSOMUIINSCALI = SUMSOMOIINSCALI • DlRMIRRIKl••z 
800 If IAV EWO , GT, TMEAN•DIINSCAL-11 • VARIINI GOT08Uf a JHYES 
If IICH[CK , GT, 31 GO TO 900 
Jfl GOTOBUf , EO , 3HYESI GO TO t50 
SUMS QWOIINSCALI O.O 
SUMSUMOIIN SC ALI = O.O 
IC HE CK 0 
TEMP•U = 0,0 
TEWPMO = o.o 
I NS CAL = I NSC AL -
GO TO 150 
850 I NS CAL = I NSC AL • 
900 lEN O = INS CAL -
LEVEL = JO HZERO INPUT 
If !J ENO , fQ , 21 LEVEL a lOHFULL SCALE 
STDEVWDIIE NO I = SORTISUMSOWOIIENOI/INSAMPLE•LENARRll -
TMEANWDIIEND1••21 
STDEVM DIIE MO I = SURT(SUvSOMOIJENOl/(NSAMPLE•LENAAAll -
TM EANMOIIENO1••21 
WRITE16,311END,LEVEL,STOEVMUl!ENOl,STDE~WOIIENOI 
J fORMATIIHO,s~•STANOAHO OEVIATJONS*lOX•CALl8RATION•I2,lOX•lNPUT • 
,AIO/JOx•) NS TRUMENT•JoX•RMS•t7••MJRHOH DIRECTION• 6XFS.J/ 8l•W1NO D 
,I HEC TJ ON• 7Xf6 ,31 
LEVEL= JOHf ULL SCAL E 
NSAMPLf = !CHECK - 1 
SUMAVEw=TEMP-0 
SUMAV[M = T[MPMO 
TMEANWOIINSC ALI = SUMAV[W/NSAMPLE 
TM EANMDIINSCALI = SUMAV[M/NSA~PLE 
T[MPWO = 0,0 
TEMPMD = 0,0 
ICH[CK = 0 
If IINSCAL ,LE, NINSCAL) GOT~ 150 
SLOPEW O = !FULSCAw-ZERO•OI/IT~EANWO(21-TMEANWD(lll 
SLOP[MD = lf ULSCAM-LEROMOl/(TMEANMOIZl-TMEANMDllll 
DMINTEP = FULSCAM - SLOPEHD•TMEANHU12l 
WOINTER = FULSCAW - SLOPE~O•TMEANWul21 
•RITEl6,4l ~RE COK),TMEANP~Dlll,7E~OMO,THEANMOl21,FULSCAM•SLOPEMO, 
,OMINTER,TM[ A~W Olll,ZEROWO,TMEAN•Ottl,FULSCAW,SLOPEWO,WDINTEA 
4 FOK~AT(IHO,Sx•I NS TRU MENT CALI QR ATioN•5X•NUH8E~ OF RECORDS USEO•IJ/ 
, JOA•Ml~RU~ Ul 4EC TI ON*/l~X•v~ UES USED FOR CALISHAllON*lOl•INPUT•S 
.x •TAP[ VALut•sx•ACTUAL VALUE•/ 53x•ZER0•6XF6.3,lOXF7.J/ ~9x•FuLL 




SV8ROUTf~E JNSTCAL TRACE CDC 6400 fTN Vl.O•P26l OPT•O 02/I0/7l lloOloOZ. 
• SIXF7.J,6XFS.J//IOX•~IND DIRECTION•/ ISX•VALUES USED FOR CALIBRATI 
.oN•IOX•INPUT•SX •TAPE VALUE•sx•ACTUAL VALVE•/SJX•ZE~D•6Xf6.J,IOXF7 
























































NPT<,wP = 0 
SLASTPT = 10.0 
CALVELO= O.O 
NSAMPLE = 0 
NSolPS = 0 
LASTPT = 0 
GO= 3H NO 
LEfTOVR = 0 
CALL BUfLA52 
If (NRECOR2 .GT. NCALRECI GO TO 900 
NHIIG = 1 
00 50 I=l •20 
NPTIHG(II = 0 
00 500 K=l,LENARR2 
If (K .GT• l l GO TO 200 
If ISYNC(K) .GT. O.O .A. SLASTPT oLT, 0,01 GO TO 300 
GO TO 500 
If ISYNCIK) .GT. O.O .A. SYNCIK-11 eLT, 0,01 GO TO 300 
GO TO 500 
If IGO .EO. 3H NOi GO TO 400 
NPTSwP = NPTSwP • K - LASTPT • LEfTOYA - 1 
NSwPS = NSWPS • 
LEfTOVR = 0 
NPTRIG(NTRIGI = K - 1 
NTRIG = NTP.IG • l 
LASTPT = I<. - l 
<,Q = JHYES 
CO"-ITINU£ 
SL~STPT = SYNCILENARR21 
LffTOVR = LENAAR2 - NPTRIGINTRIG-11 
LASTPT = 0 
NE}(T = 0 
NTA!G = 1 
NA\/EPTS = NPTSWP / NSWPS 
ISTART = NPTRIG(NTRIGl • IBEGCHK 
LAST= NPTRIGINTRIG> • NAVl::PT~ - NfLYBAC 
If <LAST .GT. LfNAAR2l NEXT= LAST - LENARA2 
If (LAST .GT. LENARR2lLAST=LENAARZ 
00 700 I = ISTARToLAST 
If IYLASER(II .GT. CALEVl::LI NfAT z 0 
If (YLASEH<II .GT. CALEVELI Gn TO 800 
700 CONTINUE 
If !NEXT oEO. 01 GO TO 750 
CALL BUfLAS2 
00 725 J=l,NEXT 



























SUBROUTINE LASCAL TRACE 
GO TO 800 
72S CONTINUE 
If tNRECOR2 .GT. NCALREC> GO TO 900 
GO TO 150 
750 NTRIG = NTAIG • l 
CDC 6~00 fTN VJ.O-P261 OPJ•O 02/10/72 1J.01.oz. 
lf I NPTRIG(NTRIG> .GT. 01 GO TO 600 
If INAECOR2 .GT. NC-ALREC> GO TO 900 
GO TO 100 
-aoo If (l'LASERII•l> .GT. YL/\SEHIIII I=I •1 
CALVELO= CALVELO• I - NPTRir,INTRIGI 
NSAMPLE = NS AMPLE • l 
NT~IG = NTRICi • l 
If INRECOR2 .GT. NCALRECI uO TO 900 
If INEXT . c; r. 01 GO TO 150 
If INPTRIGINTRIGI .GT. 01 GU TO 600 
GO TO 100 
900 CALvELO = CALVELO/NSAMPLE 
NPTSWP = NPTSWP / NSWPS 
WRITElb ,SI NRECOwi ,CALVELO•NPTSWP 
5 f O~l-<AT (I Hl.sx•DEVIATION fREOUFNCY· CALIBRATION•SX•NUMBER Of RECORDS 
, USED FOR CAL I BR ATI ON*IJ/9SX•wAVELENGTH X DEV. fAEo.•11ox•AVEAAGE 
, NU~BER Of POIN TS TO DE VIATI ON fQEOUENCY*SX*AVEAAGE NUMBER OF POINT 
,S/ SwP • 5x•------------------------•1 9SX•Z X POINTS TO DEV. FREQ.•/ 
• 32Xf5,l,39XJ)I 
CALVELO= (WAVLEN*DEVFREOl/12•CALVELOI 
WRITE1 6 ,61CALVELO 
























DO 100 I=l•N~TSwP 
100 SUMPTS(II = o.o 
150 CALL BUfLAS2 
K = I 
JCOUNT = 0 
175 DO 200 l=K,LENARR2 
If (YLASERCII .GT. fLYBACKI Go TO JOO 
200 COIH INUE 
If CNRECOk2 .GE. NOISRECI GO TO 800 
GO TO 150 
300 DO 400 J=l•LENARw2 
JCOUNT = JCOUNT • l 






If INR F. CO~t .GE. NOISRECI GO TO 800 
CALL l:IUfLAS2 
I = l 
uO TO 300 
If IJCOUNT .GT. 151 GO TO 500 
JCOUNT = 0 
K=J 
IF (K,LE. LENARR21 GO TO 175 
If INRECOR2 .GE. NOISRECI GO TO dOO 
GO TO 150 
M=l 
!START= J - l 
DO 600 K=ISTART,LENARR2 
su~PTS(M) = SUMPTS(HI YLASERCKI 
M=M• I 
IF CM ,GT, NPTSWP - NfLYBACI GO TO 700 
CONTINUE 
IF INRECOR2 ,GE, NOISRECI GO TO HOO 
CALL l:IUFLAS2 
J= l 
GO TO 550 
700 NSAMPLE = NSAMPLE • l 
JCOUNT = 0 
If CK ,LE+ LENARR21 GO TO 175 
IF CNRECOR2 ,LT. NOISRECI GO TO 150 
800 LAST= NPTSWP - NfLYBAC 
DO 900 I= !•LAST 
900 XNLEVELIII = SUMPTSCII / NSAMPLE 
W~ITE Cb,11 IXNLEVELlll,l=l,LASTI 
FORMAT (lH0,/,• NOISE LEVELS•.1,c1x,lSCF8.JIII 
DO 1000 1=9,LAST 






























COMMON/BSK PEOI/LPACDAl, IDENTl,NfLSKPl,NRCSKPl 
CO~MON/UNPK1/ITIME1,ICOMWR0120ll,IUATWROC10001 
COHTIMI = JH NO 
100 BUFFER INCl,11 CITIMEloICOM•ROCLPAeDAlll 
If IUNITllll S00,200,400 
200 wRIT EC6,ll N~ ECORl,NFILEI 
1 fORMATCIHO,• TH[Hl ARE•1s• HECOROS ON flLE•IJ• UNIT l, ENCOUNT[RE 
.o H I tlUFL ASl•I 
NRECOH I = 0 
NFIL[I = NFIL[l • I 
IF CNF!LEI . &T. NTOTFlll 00 T(l 300 
IF IIDEN Tl .[a. JHYESl CALL HfAOERl 
GO TO 100 
300 IEXIT= )HYE S 
RETURN 
400 NRECOwl = Nll [CO~l • 1 
LEN = L[ NGT HCll 
• RITE1 6 ,2l NH ECORl,NFILEI,LEN 
2 FOR MAT CIH O,• PARITY ERROR ON NEXT DATA, RECORD•JS• FJLE•l4,SX• NU 
.M BER OF COMPUTER WOROS•(4l 
IFCL EN . NE. LPACUAll 00 TO 100 
CALL UNPAKI 
CALL SORTl 
IF l•RI UATI .Eo. ]H NOi CALL nATWRJl 
GO TO 600 
500 NRECORI = NRECORl • 
LEN= LENGTHII) 
If ILlN .NE. LPACDAII 00 TO 700 
CALL UNPAKI 
CALL SOR Tl 
600 IF INRECORl .EO. II ZEROTH! z ITIMtl 
IF IITIMEl-999999 .GT. -120001 CORTIMl•lHYES 
ITIMEI =ITI~El •JCLOCKl•999999 • TIMADA/CNREC-ll•CNRECOAl-11 
IF CCO RTJMI .Ea. lHYESl JCLOCKl z JCLOCKl • 1 
RET URN 
700 •RITEC6,ll NRlCORl,NflLEl,LEN 
3 fO RMAT(IHO,• RECORD ENCOUNTiREO Of IMPROPER LENGTH ON UNIT l, AECO 
•"0*14• flLl•IZ• NUMliER Of COMPUTER WOROS•J4l 
GO TO 100 

















































PRINT l,NflLEl . 
fORMAT(IHO,• EOf READ IN HEAUER 0~ flLE•Iz• UNIT l•I 
C.O TO 50 
PRINT 2• NflLEI 
fORMAT(lHO• PARITY ERROR IN HEADER ON fILE•IZ• UNIT l•I 
LEN= LENuln(ll 
PRINT 3, NflLEl,(IO(I l•lzl,21,LEN 






















DO 100 I=l,LENARRl . 
WlNDIRE(fl = IDATWRDCM) • fACTORl . 
VOLTCl,11 = IDATWMO(M•ll • FACTOR! 
DfQMIRRlfl = IOATWRD(M•2) • fACTORl 
VOLTl2,I> = IDATWROIM•JI • FA(TORl 
100 M= M• ISKIPl 



































CDC 6400 FTN Yl.O-P26l OPT•O 02/10/72 13.01.02. 






WRITE 16,ll NRECOwl,ITIMEl 
FORMAT IIHJ,• RECOwD NUM~EA •r~,6X• ITIME1*161 
WRITE 16,2) IVOLllltll•I•l,LENARAlJ 
FORMAT tlHO,/,tlX,)O(Fl0,5,2Xl)~ 
wRlTE 16,21 IVOLTt2,Jl,J•ltLENAAAll 
WRITE C&,21 tWINUIKE(ll,1=1,LfNAAAll 





























' 1 • 













CORTIH2 = 3H NO 
100 ~UffER INl2,ll IIT1M£2,LCOMWRO(LPACUA211 
If IUNIT12ll -oo.~oo.JOO 
200 WRIT[l6•ll ~REC0~2,NflLE2,NTAPE2 
l fORMAT IIH0, 0 TH~RE ARE•lb• RECORDS ON flLE•IJ• TAPE•l2) 
NflLE2 = Nf1LE2 • l 
Nq[COR2 = 0 
If 1Nf1LE2 .GT. NT0Tfl21 GO To 250 
225 If IIOEN T2 .EO. JHYE51 CALL HEAOEA2 
GO TO 100 
250 NTAPE2 = NTAPE2 • I 
If (NT~µEz . GT. NTOTAPEI GO To 600 
NflLE2 = l 
NTOTF12 = I 
CALL UNLOADWl21 
JCLOCK2 = 0 
IE~TIME = ISTORTM 
260 GO TO 1220,2J0,2401,NTAPE2 
220 NTOTklC = NHEC2 
TIMAOJ = TIMA0J2 
GO TO 225 
230 NTOTREC = N~ECJ 
TIM~DJ = TIHADJJ 
GO TO 225 
240 NT OTREC = NREC4 
TIMAUJ = TIMA0J4 
GO TO 225 
300 NRECOR2 = NRECOR2 •l 
LEN= LENuTH121 
WRI TE 16,31 NRECOR2,NflLE2,NTAPE2,LEN 
3 fOHMAT IIHO,• PARITY ERROR ON RECORD•I6• flLE•IJ• TAPE•Iz• NUMBER 
.OF COMPUTER WOR05•141 
If !LE N .NE. LPACOA2 I GO TO 100 
CALL UNPAKl 
CALL SO~ T2 
If (WR! uAT2 .Eo. JH NOi CALL OATWA12 
GO TO 500 
400 NRECOR2 = NRlCOR2 • 
LEN= LENGTH121 
If !LE N .EO. LPACOA21 GO TO 450 
wRITEl b •~ILEN,NRECOR2,NFILE2,NTAPE2 
4 FORMATIIHO,• ENCOUNTERED RECORD Of IMPROPER LENGTH, LENGTH WAS•Il• 




SU8QOUTINE 8UfLAS2 TRACE 
.UNIT 2•> 
GO TO 100 
450 CALL UNPAK2 
CALL SORTZ 
500 If (NTOTREC .EO. 0) RETURN 
CDC 6400 fTN VJ.O-P26l OPT•O 02/10/72 lJoOl.02. 
tr (NRECOR2 .Eo. 1) ZEROTM2 • ITIMEZ 
If <ITIME2 - 99999~ .GT. -935> COATIMZ • JHYES 
ITl~EZ = ITIME2 • JCLOCK2•99~999•CTIMAOJ/CNTOTAEC-lll•CNAECOA2-l) 
• • IEXTIME 
550 I r (CORTIM? .EQ. JHYESI JCLOCK2 • JCLOCK2 • I 
IST OR TM = IT !ME2 
tr IN~ECOR2 .LE. NTOTREC>RETURN 
• RITE< o ,21 N~ECOR2,NTAPE2 
2 r oRu AJ(I H0,5x• RE ACHEO RECOR0•1S• ON TAPE•12• ~ITHOUT EOF•> 
GO TO 200 
600 IF (W RITAPE .NE. JHYESI CALL fXIT 
LENARR2 = I 
CALL LAS,lklT 
700 ENOrILE 3 
ENDrILE J 
ENDr IL£ J 
ENDF ILE J 





















l • • w 
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50 BUFFER INl2•0l IJDlllolOC9)l 
IF IUNITl21l 300,100,200 
100 PRINT l,NFILE2,NTA~E2 
I FORMATllHO,• EOF IN HEADER ON fJLE'l2• TAPE•l2• ON UNIT z.•l 
GO TO 50 
ZOO PRINT 2, NFILE2,NTAPE2 
2 FORMATIIHO,• PARITY EHROR IN HEAOEk ON FILE•IZ• TAPE•IZ• UNIT Z•l 
300 LEN = LENuTHl21 
PRI NT 3, NFILE2, NTAPE2.CJO(ll•I•l,2loLEN 
3 FORMATII HO.• 10 ON f!LE•IZ• TAPE•IL• UNIT 2 IS •2Al0• NUMBER Of CO 


















00 100 l=loLENARR2 
SYNCIII = LOATwRO(MI 
YLASERIII = LDATWROIM•ll*l-1.~I 
100 M=M•ISKIP2 


























WRITE 16,11 NRECOR2,ITIME2 
fOQMAT ClHl,• RECORD NUM~Ek•l4• ITJMEZ=•l61 
WRITE C6,21 CSYNCCl1il=l,LENAQR21 
fO~MAT IIHO,/,CIX,lOCflO,S,IX1II 















55 • ' . 






NREC = 0 
IF INFLSKPl .LE. UI GO TO 500 




If IUNlT(l)l 300,400,200 
LEN= LENGTHlll 
2 
NREC = NREC • l 
N~ECORl = NRtCORl • l 
WRITEl6,21 N4ECORl,NflLEl,NfLSKPl•NAEC.LEN 
FOR~ATIIHO,• PARITY ERROR IN RECORO•l4• f!LE•l2• ON UNIT lo ENCOU 
.NTERED WHILE SKIPPING FILE•IJ/ sx• NUMBER RECORDS SKIPPED•IJ•. 
LENGTH Of RECORD•l4• COMPUTER WORDS•I 
GO TO 100 
300 LlN = LENGTH Ill 
NREC = NREC • l 
NRECOR I = N~ECOMl • l 
IF (LEN .Nf. LPACDAll WRITEC6,JILPACDAl•LEN,NAECORl,NflLElt 
NAEC 
3 FOR~ATCIHO,• A RECORD WAS lNCOUNTEREO WITH LENGTH NOT EQUAL TO•I4• 
• COM~UTER WORDS. LENGTH WAS•14•.•1sx• RECORD•14• flLE•12• ON UNIT 
.1. NUMBER OF RECORDS SKIPPEO•l41 
GO TO 100 
400 WRITEl6,4lNRECORl,NflLEl,NREC,NfILSKP,NfLSKPl 
4 FORMAT(lHO,s~•THEME wERE•IS• RECORuS ON flLE•lz• UNIT l.•ISXI3• RE 
.CORDS SKIPPED ON THIS FILE. TOTAL NUMBER OF flLES SKIPPED•I2• TOT 
,AL NUMBER TO BE SKIPPED•l21 
NFILE I= NFILEl • l 
NFILSKP = Nf!LSKP • I 
NREC = 0 
NRECORI= 0 
IF IIDENTI .EO. JHYESI CALL HEADER! 
If (NFILSKP .LE. NfLSKPll GO TO 100 
If INRCSKPI .GT. 01 GO TO 500 
RETURN 
500 DO 900 I=l,N~CSK~l 
BUFFER INll,ll!ITIMEl,ICOMWRD1LPACOAlll 
IF (UNilll))B00,700,bOO 
600 LEN= LENGTH 111 
NREC = NREC • I 
NRECORI = N~ECORI • I 
WRITE!o,51 NRECORl,NflLEl•NRECtNRCSKPl•LEN 
5 FORMAT(lHO• PARITY ERROR IN RFCORD•l4• FILE•l2• ON !mil 1.•1sx• NU 
0 MBER RECORDS SKIPPED•l4• NUMBFR RECORDS TO BE SKIPPED•ll•• LENGTH 
• OF RECORD WAS•!~• COMPUTER WOAOS,•I 
&OTO 900 
700 WRITElo,61 NRCSKPl,NREC,NRECORl,NflLEl 
6 fORMATIIHO,• EOf REAU WHILE TRYING TO SKIP•JJ• RECORDS,•14• RECORDS 
.s H~VE 8EE~ SKIPPED. RECOHO ~UMBEw•J4• flLE•Iz• ON UNIT 1•1 
GO TO 900 




SUBROUTINE SKPEOfl TRACE 
NRECOR l= NRECORl • 1 
LEN :z LENGTH 111 
If (LEN .NE. LPACDAll 
900 CONTINUE 




7 FORMAT(lHO.• COMPLET£D SKIP~ING•l4• RECORDS. NUMBER or RECORDS TO 




























NREC = 0 
If 1NfLSKP2 .LE. 01 GO TO 600 
NflLSKP = I 
100 BUFFER IITIHE2tLCOMW~OILPACOA211 
If IUN IT121) 300,400,200 
ZOO NRE C = NREC • 1 
LE ~ = LENGTHl21 
NR ECOR2 = ~RECOH2 • l 
WRIT Elb,21 Nf1Lt2,NTAPEZ,NRECOR2,NREC,LEN 
2 FGRMATIIHO,• PAHITY ERROR OCCIJ~RED WHILE SKIPPING RECORDS ON FILE 
. NUMRE R•I2• Of TAPE•It• UNIT 2.•1sx• THE RECORD NUMBER 1s•1s,2x11• 
. RECOMOS HAVE HEtN THE ~ECORD LENGTH WAS•l4• COMPUTER WOA 
. os•, 
GO TO 100 
JOO NRfC = NRE C • l 
NRECOR2 = N~ECOR2 • l 
LE N = LENGTH(21 
If (LE N .NE, LPACDA21 WRITE16,31LPACDA2oLEN,NRECOA2oNflLE2oNTAPE2• 
NAEC 
3 fO RM ATIIHO,• LENGTH Of A RECORD WAS NOT EQUAL TO•l4• COMPUTER WOAD 
.s. IT CONTAINED•l4• COMPUTER WORDs.•15x• THIS OCCURRED WHEN RECOR 
.D•!S• WAS SK IPPED ON FILE• 12• TAPE•l2• UNIT 2, TOTAL NUMBER 
• or RECORDS SKIPPtO•JJI 
GO TO 100 
400 wRITElb,41 NR ECOR2,NflLEltNTAPE2,NRECtNflLSKPtNfLSKP2 
4 FO ~MATII H0,5x•TH£HE WERE•l5• RECORDS ON flLE•l2• TAPE•l2• UNIT 2.•1 
0 /SAJ J • RECORDS S~IPP EO ON THIS FILE• TOTAL NUMBER Of FILES SKIPP 
. ED•J 2• TOTAL NUMriER TO HE SK(0PEO•J21 
NFIL£2 = NF1LE2 • l 
NflLSKP = NFILSK~ • l 
IF 1NflLE2 .LE. NTOTFlll GO TO 500 
NTAPE2 = NTAPE2 • l 
IF INTAPEl NTOTAPEI GO To 450 
1EXIT2 = 3HYES 
PET URN 
450 NTOTFl2 = I 
CALL UNLOAO~l21 
NFILE 2= l 
NRECOR 2= 0 
NREC = 0 
475 GO TO !480,485,4901,NTAPE2 
480 NTOT REC = NHEC2 
TIMADJ = TIMAOJ2 
GO TO 495 
485 NlOTREC = N~ECl 
TIMA OJ = TIMADJJ 


















sU~ROUTtNE SKPEOrZ TRACE 
490 NTOTREC = NREC4 
TIMADJ = Tl~ADJ4 
495 If (IDENT2 .Ea. lHYESI CALL HfADER2 
If INflLSKP .LE. NfLSKPZI GO TO 100 
If INRCSKP2 .GT. 01 GO TO bOO 
RETURN 
500 NRECOR2 = 0 
NREC = 0 
lf(NflLE2 .Ea. NTOTf12lGO TO 475 
If (IDENT2 .Ea. 3H1ESI CALL H[ADER2 
If INf!LSKP .LE. NfLSKP21 GO TO 100 
If (NRC SKP2 .GT. 01 GO TO 600 
RETURN 
600 00 1000 l=l•NRCSKP2 
CDC 6400 rTN Y3.0-P261 OPT•O 02/10/72 lloOl.02. 
8UffER INl2oll IITIME2•LCOMwRn<LP~CDA2)1 
If ( UN JT(211 900o800o700 
700 LE N = LENGTHl21 
NRE C = NR[ C • l 
NRECOH2 = NRECOR2 • l 
WRITE(btSl NR ECOR2,NflLE2,NTAPE2,NREC,LEN 
5 fO RMAT<lHO,• PARIT1 ERROR OCCURR~O WHILE SKIPPING RECORDS. RECORD 
• NUMBER*IS• flLE*l2• TAP£*12• ON UNIT 2.•/SXl4• RECORDS HAYE BEEN 
,SKIPPED, LENGTH Of RECORD WA~•l4• COMPUTER WORDS.•I 
GO TO 1000 
800 -R!T l l o , 6 1 NR EC,NRECOR2,NfILE?,NTAPE2 
6 f OR~ AT(I HO• AN EOf WAS ENCOUNTERED WHILE SKIPPING RECORDS.• IS• RE 
.CORDS HAVE RE EN SKIPPED.•/SX• RECOHD NUMBER•IS• Of flLE•I2• ON TAP 
,E•I2• Of UNIT 2.•l 
GO TO 1000 
900 NREC = NREC • l 
NR [ COR2 = NR[ COM2 • 
LEN = LENGTH12l 
If (LEN ,NE. LPAC OA2l WMIT£16,31LPACOA2•LEN,NREC,NflLE2,NTAPE2, 
NRECOR2 
1000 CONTI NU E 
WRITE(b,71 NREC,NRCSKP2,NRECOR2,Nf!LE2,NTAP£2 
7 ro ~~AT(IHO,• COMPLETED SKIPPING•l4• RECORDS. NUMBER Of RECORDS TO 


























AVEMIR = 0 
NRECORJ = 0 
CALL BUfLASJ 
100 CALL BUfLASl 
DO ?00 K=l,LENARRl 
200 AVEMIR = AVEMIA • OIRMIPRCKI 
If INRE COR! .LE. NAVEMIA I GO TO 100 
OIAECMR = AVfMIR/ILENARRl•NAVEMIRl 
LAST= NAVEM!R • 1 
DO JOO I=l ,LAST 
BACKSPACE 1 
JOO CONTINUE 
READCS,1 1 CHGMIR,TIMEMIR 
fOwMAT IAJ,fb.21 
-RTTE(b,21N~ECORl,OIRECMR,SLOPEMD,UMlNTER 
2 FORMAT(JHO,sx•MIRROR DIRECTION•sx•NUMBER OF RECORDS USED FOR AVERA 
.GE•TJ/ JOA•AVERAGE VOLTAGl*SX•SLOPE•SX•INTEACEPT•SX•OIRECTlONtDEGR 
.EES•/l4 XF7 .J,JXf7.J,SXfS.31 
OI~fCMR = SLOPEMO~O IRECMR • OMlNTER • 180 
WRIT[lb,JIOIRECMR 
3 fORµAf(lH•,5YXf7.JI 









Computer Program for Determination of Velocity Profiles 






















ANEVEL TRACE CDC 6400 fTN YJ.O-P261 OPT•O 02/10/72 
3 
100 
PROGRAM ANEVELIINPUT,OUTPUT,TAPES2 INPUT,TAPE6=0UTPUT,TAPEl,flLHPL) 
COMMON TIMEl1011,VELOC1 6 ,l001,NCHANNC,LENARR,NflLE,NRECOR,lEXIT 




COHMON/dVOLTA0/ICHANGE,SCAL E l~l,ZEHOACTC61,VOLTCHG,TlMECHG, 
• ISCAL EC61 
COMMON/BPL OTVE/ ELEVl61,SUMAYE(61,ISAMPLE,LABELXl41,LABELYC41, 
LTITLtl41,MULTIME,I UATAPT 
COMMON/ASKIPf.0/NflLSKP,NREC SKP 
COMMON/UNP ~/ITIME,ICOHW RO l 200 l•IOATWM0(10001 
DATA LABEL1/40H VELOCITY, M/SEC 
,LABELY/401-1 F"LEVAJION, H 




REWI ND l 
MEAOIS.J I I OE NT,wRITAP, EOF MUL,w~ITOAT,WRITPAP,PLOT,VOLTCHG, 
LPACOAT,NCHANNC,NCALVAL•ISKIP,lBEGSKP,LENARA,NTOTflL, 
PLOTIHE,AVETlHE,IISCALEl!l,1=1,61,CELEYIJl,I=l,61,YARI, 
D! GR AT,IACTV OL Tlll•J=l,51,TIHERAT,CHANNEL,TIMECHG, 
INSTCAL,TAPECAL 
FORMAT (3X,7A3,714,2F5,1,61121,/,61F6.21,2F5,2,SIF5,11,3F3,l/2A31 





FORMAT(lHO,• !DENT =•A4• WRITAP =•A4* EOFHUL =•A4• WRITOAT =•A4• W 
,RlTPAP =•A4• PLOT =•A4• VOLTCMG =•A4/• LPACOAT =•14• NCHANNC =•12• 
• NCALYAL =•12* !SKIP =•13* ldF"GSKP =•13• LENARH =•14* NTOTFIL =•12 
.1• PLOTIHl =•Fs.1• AVET!ME =•rs.1• ISCALEll THMU 61 =•612/* ELEV(l 
, THAU 61 =•6F6,2* YA il l =•f4,2• OIGMAT =•FS,1/• ACTYOLTII THAU 51 • 
,•SfS,I• TlM RAT =•F4,I• CHANNfl =*F4,I* TIHECHG =•FJ,1/• INSTCAL =• 
,A4• TAPECAL =•A41 
IF IIOENT,E O, 3HYESICALL 1-tlAUF"M 
lf XIT = 31'i "10 
COAT !HE = 3H NO 
JCL OCK = 0 
ZERO TIM = 0,0 
!CHANGE= 0 
FA CTOR= SOHTl2,l/12,••9 - l,O) 
HULTIHE = I 
NRE COR = 0 
ij.AOOAT A = )l'i NO 
NEXTPTS = 0 
NFILE = 
!PARITY = 0 
ISAMPL[ = 0 
00 100 l=l,NCHANNC 
SU'IAVEIII = 0,0 
IF ITAPECAL ,EO. 3HYESI CALL CALIBHA 
IFII"STCAL ,NE, JHYESIGOTO 102 
NFILSKP = I 















































102 CALL VOLTAOJ 
103 CALL BUFANE 
CDC 6400 fTN V3,0-P261 OPT•O 02/10/72 12.53.49 • 
IF IIEXIT .Ea. 3HYESI T!MECIDATAPT-11 • TIMECIOATAPT-11 • 0.1 
If CIEXIT .En. 3HYESI CALL PLOTVEL 
If INRF.COR .EO.l .AND, !TIME .NE. OI ZEROTIM • !TIME 
IF C(ITIME - 9999991 .GT. -ll~OOI CORTIME 3HYES 
!TIME= ITIME • JCLOCK • 9999q9 
If ICO~TIME .EO. 3HYESI JCLOC~ = JCLOCK • 1 
CORT!Mf = 3H NO 
IDATA~T = 1 
105 DO 110 l=l,NCHANNC 
VELOCll,IDATAPTl=SLOPEIIl*VELnC(l,IDATAPTI • ZEROTAPCII 
110 VELOCCI,I DATAPTI = CVELnCCI,lnATAPTl•SCALECII •ZEROACTC(ll•0.3048 
TIMECI OATAPTI= TIMERAT•11ITIME -ZE~OTIMl/10000.•CCIDATAPT-ll* 
CHANNELl/0l~HATI 
IF CTIME1l 0 ATAPTI .GE. TIHECHG .AN~. VOLTCHG .Ea. 3HYESI 
CALL VOLTAOJ 
IOATAPT = IOATAPT • I 
If IAVETIHE•MULTIME .LE. TIMEIIDATAPT-11 .ANO. PLOT 
,EQ, 3HYESI GO TO 120 
If I IOATAPT .LE. LENARRI GO TO 105 
If IWP!TPAP .Ea. JHYESI GO TO 134 
IF C•RITAP .Ea. 3HYESI GO TO 135 
GO TO 103 
120 00 130 I= ),NCHANNC 
130 SUMAVECII = SUMAVEIII • VELOC1l,IOATAPT-ll 
!SAMPLE= TSAMPLE • l 
If I T(MEl(DATAPT-11 .GE. PLOTl~E•MULTIMEI CALL PLOTVEL 
IF IIOATAPT ,LE. LENARRI GO Tn 105 
If IWRITPAP .Ea. 3HYESI GO TO 134 
If IWRITAP . Ea. 3HYESI GO TO 135 
GO TO 103 
134 •RITEl6,21 
2 f0NMATC1Hl,4X* TIME,SECS*lOX• VELOCITIES,M/SEC•4X• LEVEL 1*4X 
• LEVEL 2•~x • LEVEL )•4X• LEVEL 4•4x• LEVEL 5•4X• LEVEL 6* 
Ill 
C6 ,4 1 CTIMECJl,IV~LOCll,Jl,l=lt61,J=l,LENARRI 
4 fQRMATClH ,10014X,fl0,3,28X,6(f6.3,6Xl/11 















































~UBROUTINE CALIBRA TRACE CDC 6400 fTN V3.0-P26l OPT:O 02/10/72 12.53.4~. 
SUBROUTINE CALIBRA 
COMMON TIH£(1011,VELOCl6,1001,NCHANNC1LENARR1NFILE1NRECOR1IEXIT 
COMMON /BCAl~R/ NCALVAL, ACTV~LTl51,SLOPEl6l1ZEROTAPl6l1 
STANDEVlb,51,VAAI 
DIMENSION SUMCALl61,SUMTAPl61,SQVALU£1611SUMACTl6l1ACT X TAP(6l, 
SUMSQ(6,51,RECMEANl~l,TOTHEAN16,51,TEPHEANl61,SUMEANl61t 
TEMPSUMl61 
ICHECK = 0 
NSAMPLE = 0 
LASTCAL = 0 
ICIILIIAL = l 
DO JOO l=l, NCHANNC 
SU,..E.lN I 11 = o.o 
T[MPSUM(JI = O.O 
SU"'C"LIII = 0,0 
SU'4ACT I 11 = 0,0 
SUMTAPIII = 0,0 
SOVALUEIII = 0,0 
ACT 1. TAPIJI = O.O 
T[PM[A~lll = 0,0 
REC,..EA" lll = 0.0 
DO JOO J =l, NCAL VAL 
TOT,..EANll,JI = 0,0 
100 SUMS Ol!,JI = O.O 
105 CALL RUfANE 
&OTO BU f= 3H NO 
If IICALVAL ,En. NCALVALl L"STCAL 2 LASTCAL • l 
DO 110 K= l,L ENAAR 
DO 110 J=l, NCHANNC 
110 SUMCALIII = SUMCALIII • VELOCIJtKI 
If (!CHECK . GT , 01 Go To 131 
NSAM~LE = NSAMPLE • l 
00 125 l=I, NCHANNC . 
REC ,..EANIII= SUMCAL III/LENAHA 
If INRECOH 11 GO TO 120 
If IAfC"'EANIII .GT. TOTMEANll,ICALVALI • VARI .OR. RECHEANIII .LT• 
• TOTMEA Nll,ICALVALI - VARII GO TO 130 
120 If II JI oHITEH>tllNRECOA,JCALVAL,ACTVOLTIICALVALI 
1 fORMATIIHO,SX*AECOKO MEANS•4X•RECOHU NUM8ER•I4,7X•CALIHRATION•I2,4 
.x•J•iPU T VALUl*fS,l/llX*CHANNEt•IOX•MEAN•l3X•CUMULATIVE MEAN•6X•NUH 
.8[ H RECORDS fOA CUMULATIVE MEAN•I 
00 123 K=l,LENAAH 
123 SUMSOIJ,!CALVIILI = SUMSO(l,ICALVALI • VELOCll1Kl••2 
SU"lfANIII = SUMEAN(l1 • HECM[ANlll 
SUMCALIII = O.O 
TOTMfANll,ICALVALI = SUMEANll1/NSAMPLE 
125 wAITtl~,21!,Hf.CMEANl!l,TOTHEANll,ICALVALl,NSAHPLE 
2 fOA~AT(IH 
&O TO I 05 
130 NSAMPLE= N5AMPLE - l 
ICALVAL = JCALVAL • l 
131 If l!CALVAL . GT . NCALVAL .ANO . LASTCAL .GT, JI GO TO 160 
ICHF.CK = ICHF.CK • l 
~RITElb,J I NH~COM ,ICALVAL,ACTVnLTIIC ALVALI 







































SU~ROUTINE CALIBAA TRACE CDC 6400 FTN VJ.O-P26l OPT•O 02/10/72 l2oSJ.49o 
.t2,4X•INPUT VALUE•FS.l/llX•CHANNEL•lOX•HEAN•) 
DO 140 1=1, NCHANNC 
RECl'EANIII = SUMCALCl)/LENAQA 
WPITEl6,41 I,AECHEAN(I) 
4 FO RM AT(lH .12x12.1oxF8.41 
SUMCALIII = o.o 
IF IICrlECK .Ea. 11 ·Go TO lJS 
00 137 K=l,LENARR 
·137 SU"SUll,ICALVALl=SUMSQ((,ICALVALI • VELOClltKl••2 
T[MPSUMIII = TEMPSUMIII • RECMEANCI) 
135 If IREC"EA'-1111 . GT. TOTl'EANII.ICALvAL-11 • VARI .oA. AECHEANII) 
• LT. TOTM[ANll,ICALVAL-11 - VARI) GOTOBUF=JHYES 
140 CONTINU[ 
IF IICHlC K.GT. 31 GO TO 160 
lF I GO TOB UF .Eo . )HYESI GO ro 105 
DO 150 l=l, ~CHANNC 
TEMPSUMI 11 : O.O 
150 SUMSOII,ICALVALl=O.O 
!CHECK: 0 
ICALVAL = ICALVAL - 1 
GO TO 105 
160 IE~O = ICALVAL - 1 
WRITEl6t51 JENO,ACTVOLTIIENOI 
5 FQ RM AT()HO.sx•STANOARO OEVIAT10NS•1ox•CALIBRATION•12,sx•INPUT YALU 
.l•F S.)/IIX•CHANNEL•lox•RMS•1 
00 170 l=l, NCHANNC 
STANO~Vll•ICALVAL-1)= SQRTISUMSOll,!CALVAL-11/CNSAMPLE•LENAARI -
TOTHEANCl,JCALVAL-11••21 
170 WRITElf•61 l,STANUEVlltlENOI 
6 FORMAT!IH ,12Kl2,7KF9.31 
NSAMPLf. = !CHECK - l 
00 175 l=l,NCHANNC 
SU4EANIII : TEMPSUMIII 
TQTMEANII,ICAL\/ALI = TEMPSUMl[I/NSAMPLE 
175 TEl'P SUMI II = 0,0 
[CHECK : 0 
IF IICALVAL ,LE. NCALVALI GO TO 10, 
180 wRITEl6,71 NRECOR 
7 FO R~•A TIIHO,SX•A CTUAL vs TAPE vot.TAuE•lOX•LEAST SQUARE METHOD•SX•NU 
,MBER RECORDS USED FOR CALCULATIONS•IJI 
00 cOO l=I, NCHANNC 
00 190 J=l, NCALVAL 
SU~TAPlll=SUMTAPIII • TOTHEANlltJI 
SOVALUElll=SOVALUE(ll•TOTHEANCl,J1••2 
ACT It TAP(II = ACT It TAPIII • TOTHEANCl,Jl•ACTVOLT(JI 
190 SUMACTIII = SU>UCTIII • ACT\/OLflJI 
SLOPEIII = ISUM ACTlll•SUMTAP(fl -NCALVAL•ACT X TAP(l1)/ 
ISUMTAP11)••2-NCAL VAL• SUVALUEIIII 
lE Rn TAPIII = ISUMTAPlll•ACT X fAP(ll - SUHACT(!l•SQVALUEIII)/ 
IS UM TAPIIl••2- NCALVAL•SQVALUE(I)) 
•RITEl6,81 1,IACTVOLTIJl,TOJM~ANCl,Jl,J=l ,NCALVALI 
8 FORMAT llHO,l01t•C rl ANN l L•l3/lSX•VALUES USED FOR LEAST SQUARE 
.CALCULATIO~S•lOX•lNPUT VALUt•~X•JAPE VALUE•/(69Xf4,l,llXFb.31) 
200 •RITEl6,91 ~LOPtlll,lEWOTAPIII 
9 FQW~AT(IH ,l SX •vALUlS O~ TAl ~En F~OM LEAST SQUARE CALCULATIONS•7x•s 
~, ... 
• 
























































































100 DO 105 l=l•LPACOAT 
105 ICOMIIRIH I I = 0 
LUNPDAT = LPACDAT • 5 
00 110 I = l,LUNPOAT 
110 IDATIIIROI I I = 0 
115 NRECOR = NRECOR • 1 
120 HUffER IN C1,ll11TlME,lCOM11fW1LPACDATII 
I 25 If I UN IT 111 l 14 0, l JO, 135 
130 NRECOR = NRECOR - l 
~RITE (6,11 NRECOR• NflLE 
NRECOR = 0 
NflLE = NflLE •l 
If INflLE NTOTflLI GO TO 136 
If IIDENT 3HYESICALL HEADER 
GO TO 100 
135 !PARITY= !PARITY• I 
WRITE (6,21 NRECOR, NflLE 
NRECOR = NRECOR - l 
WR) TE 16,31 !PARITY 
GO TO 115 
136 If !PLOT JHYESI !EXIT = JHYES 
If !PLOT 3HYlSI GO TO 150 
CALL EXIT 
140 CALL llNPAK 
CALL SORTAIIIE 
1 FORMAT IIHO,• THERE ARE •14• RECORDS ON FILE NUMBER•IJI 
2 FORMAT IIHO,• PARITY ERROR OCCURREU ON RECORD NUM8ER*l4• FILE NUMB 
ER•IJI 
































If (UNIT 1111 l00 , 110,110 
11 0 WRI TEl6,2) NFILE 
2 FOQMATIIHO.• PAMITY ERROR OR EOf OCCURRED IN HEADER Of FILE NO• 
13) 
100 WPITE 16,ll ID,NFILE 
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00 100 l =l,LENAPR 
VELOCCl,11 = JOATWRO(MI • FACTOR 
VELOC(2,Il = IOATWwO(M•ll • F,CTOR 
VELOCCJ,11 = IOATWRO(M•2)•FACTOR 
VELOCC4,ll IOATWRO(M•JI • FACTOR 
VfLOCCS,11 = IOATWPOIM•41 • FlCTOR 
VELOCl6,II = IOAT•~OIM•SI • FACTOR 
100 M = • ISKIP 

















































00 10 l=l•NCHANNC 
10 ~RITE 16,11 ltlVELOCll,JltJ•l,LENAHRI 
1 FOR~ATllHOolOXo• ANEMOMETER VELOCITY 0ATAo LEVEL NUM8ER•J2/l01 
llOfll.5/11 
PRINT 2,ITIME 
2 fOA~AT llHo,1ox.•ITIME AT ~EGINNINu Of RECORO•IlOI 
RETURN 
ENO 





























. . . ... , ,, . 







If INFILE ,GT. NflLSKPI GO TO 125 
100 BUFFER INll,IIIITIME,ICOMWRDILPACDATII 
If IUNJT1lllll5,120,ll0 
110 NREC: NR[C • I 
LEN: LENGTtilll 
NRECOR: NPECOR • I 
PRINT 2, NF IL E,NPECOR,NREC,LEN 
2 FORMAT(IHO,SX*PARITY ERROR occURREO WHILE SKIPPING flLE•12• RECORD 
.*l4/7Xl3* P[COROS HAVE ~[~N SKIPPEO, LENGTH WAS•l41 
GO TO 100 
115 LEN= LENG THIII 
NREC = NREC • I 
NRECOR = NPECOR • 1 
IF (LEN .NE. LPACDAT • 11 WRITE(6tJI LEN,NRECOR,NflLE,NREC 
J FORMATIIHO,SX*RECORD SKIPPED Of IMPROPER LENGTH. LENGTH WAS•J4/7X 
,•RECORD*l4• FILE*l2,2Xl2* RECORDS SKIPPED•! 
GO TO 100 
120 WRITE16,41 NREC,NFJLE,NRECOR 
4 FORMATIIH0,5X*SKIPPEO*l3* RECORDS ON flLE•l2• THERE WERE•l4• RECOR 
,DS ON THIS FILE*) 
NFILE = NFJLE • 1 
IF (!DENT .Eo. )HYESI CALL HEADER 
NR[C = 0 
NRECOR = 0 
If (NflLE .LE, NflLSKPIGfr TO 100 
125 If INRECSKP ,EO, 01 RETIJRN 
00 160 l=l,NPECSKP 
RUFFER IN 11,11 IITIME,ICOMWROILPACDATII 
IF (UN IT(lllll0,150,140 
130 NRECOR = NR ECO~ • I 
NREC = NR[C • I 
LEN = L [NGH, (I I 
If ILEN .NE, LPACUAT • ti wRITE16,JI LEN,NRECOR,NflLE,NREC 
GO TO 160 
140 NRfC = NPEC • I 
NkECOR = NRECOR • 1 
LEN= LENGTH Ill 
WPITE16,51 NkECSKP,NflLE,NkECOR,LEN,NREC 
5 fO~MAT(IH0,5X*PARITY ERROR OCr.URREO WHILE SKIPPING•J2• RECOROS ON 
,FILE•l2/7X•RECORO•l4• LENGTH*14• RECORDS SKIPPED•JJI 
GO TO 160 
150 wRITEl6,61NflLE,NRECORtNREC 
6 fORMATIIHO,s~•EoF OCCURRED WMJLE SKIPPING RECORDS ON flLE•l2/7X•LA 
,ST kECORD*J4,2XIJ• RECORDS HAVE BElN SKIPPED•I 
160 CONTINUE 
WRITE16,71 NPEC,~flLE 
7 FD~vATIIH0,5~,13* RECORDS HA~f BEEN SKIPPED ON flLE*l21 
iff TURN 
ENO 
ll.53,49. · PAGE 
• • 
• SUBROUTINE VOLTADJ TRACE CDC 6400 FTN V3.0-P26l OPT•O OUI0/72 12.s3.49 •. PAGE • 
SUBROUTINE VOLTAOJ • COMMON TIMECl0lltVELOCC6,l001,NCHANNCtLENARR,NFILE,NRECOR,IEXIT COMMON/8VOLTA0/ICHANGE,SCALEC61,ZEWOACTC61,VOLTCHG,TIMECHG, • 
ISCALEC61 • c; IF (!CHANGE .GT. 01 READ (5,l)(ISCALE(llol=lt61tVOLTCHG,TJMECHG • 00 90 I= l,6 
20 GO TO C30,40,50,60,70,801•1 • 30 GO TO 131,32,331,ISCALECll • 31 SCALE Cl I = 40ol6o 
tn ZE RCACTCII = 2.799 • GO TO 90 • 32 SCALE(!) = 7tl.t!6 7 
ZEROACT(ll = 2.413 • GO TO 90 • 1c; 33 SCALE(!! = o.o 
lER OACTC!l = o.o • 60 TO 90 • 40 GO TO (41,42,431,ISCALECII 
41 SCAL[(ll = 42ol6l • 2n lfQOAfT (II = 2.183 • GO lO ~O 
1+2 SCALE ( 11 = 8 1.1+37 • Zf ROAC TCII = 2.2t!l • GO TO 90 
2c; 43 SCALE C II = o.o • lEROACT!ll :: o.o • GO TO 90 
50 GO TO (51,52,531,ISCALECII • 51 SCALE(!> = .. 2.9a1 • 3n lEROACT(ll = 2.057 
GO TO '-10 • 52 SCALE(!> = 83.606 • ZE ROACT (l1 = l.883 
GO TO QO • 3c; 53 SCALE Ill = o.o • ZE ROACl( ll = o.o 
GO TO 91) • 60 GO TO 1~1•62,oll,lSCALECll • 61 SCAL E ( I l = .. 2.&6~ 
l+'I ZEl<OACTCII = 3.674 • GO TO 90 • b2 SCALE (II :,: 83.22'+ 
ZEROACT(II =3.065 • GO TO 90 • 1+<; 63 SCALE C 11 = o.o 
ZE ;.QACT( ll = o.o • GO TO 90 • 10 GO TO <71,72,731,ISCALECll 
71 SCAL [(I I = 47.070 • <;'I ZEROACTCII = 0.075 • GO TO 90 
72 SCALE III = 93.300 • ZEROACTC!l = 0.330 • GO TO 90 






SUBROUTINE VOLTAOJ TRACE 
ZEROACTIII = 0.o 
GO TO 90 
80 GO TO 181•82,831,lSCALECII 
81 SCALEIII = 40.217 
Z[ROACTIII = 3.764 
GO TO 90 
82 SCAL[III = 77.313 
ZEROACTIII = 3.639 
GO TO 90 
83 SCAL[CII = 0.0 
ZE~OACTI II = O.O 
90 CO~IT INUE 
!CHANGE= !CHANGE• l 
fOKMAT 161121 eA3,f5.31 
WR!T[(t>,21 
CDC 6400 fTN Vl.O-P261 OPfaO 02/10/72 12.53.49• 
2 FORMAT(IH0,5X•ACTUAL VOLTAGE VS VELOClTY•SX•REGAESSION VALUES•/lOX 
.•LfVEL•5X*SLOPE•;x•INTERC(PT•I 
DO 100 l=l,NCHANNC 
100 wRITEC6•31 I,SCALllll,ZEROACTCII 









































MULTIME = MULTIME • l 
WRITEl6•ll TlMEllOATAPT-l>•NRfCOR 
fORMATIIHO.sx•VELOClTY PROflLf PLOlTEO AT TIHE•r9.J.sx•RECORO NUMB 
• ER• t4/lOX•vALUES USED FOR PLOT•SX•LlVEL•sx•ELEVATJONt H.•sx•VELOCI 
, TY• M/ SEC•I 
00 100 l = l•NCHANNC 
100 AVEVELIII = O.O 
00 110 l=l.NCHANNC 
AVEVELlll = SUMAVE1ll/l5AMPLE 
WRITEl6•21 J.ELEVIII.AVfVELlll 
2 fQRMATIIH .lbXll•IOXf6.3 • (3Xf~.JI 
110 SUMAVE(II = 0,0 
CALL l i.JJOT IAVEVEL•ELEV.6t2•UllM•LAdELX•LA8ELY•LTITLE ••l 1 
ISAMPLE = 0 











































i • ! 1: 
UIJPAK COMPASS - YER 2.0 M 02/10/72 l2e54el6. · 
IOENT UNPAK 
• IN5ERT LENGTHS OF PACKED AND UNPACKED ARRAYS 
311 
)750 
LENuTHA SET ?01 




















5110000000 C SAl NE Alli --- FIRST WORD Of ARRAY (TIME WORDI JS IGNORED 




5 so11000001 GEr60 



















14 20260 IN14ID 
6155777763 
15 0400000006 • 
0 • DONE 
It> 
S86 A-1 BCJI BAS£ 














GET All I 
MASK OUT 12 BITS 
RIGHT St1IFT 
BUT 
AVOID SIGN EXTENSION 
CK FOR SIGN en 














I DELETE ZERO-BIT RIGHT-FILL 
Pb STORE lN BIJI 







































Computer Program for Determination of Temperature 
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COMMO N/ BBUFT EM /IOENT,MULEOf,lEXIT,NTOTfIL,PLOT,IPARlTY,ZEROTIHo 
JCLOCK 
COMM0N/UNPK/ITIME,ICOMWR01200ltlDATWRO(lOOOI 
COMM ON / HSK PE OF / BAOATA,LPACUAT,NRECSKP,NflLSKP 
COM~ON/BHUM IU/SI GMA, BARPPES ,HFATLAT,CP,CPV,HUMlOIClOI 
COMMO~/BTAPECA/NCALVAL,VARITP,ACTVOLTCSI 
COMM ON / BPLOTEM/AVETEMPIIOl,TlwE,ELEVC61,LABELXl41,LABELYC41tLTITLE 
(41 
DIMENSION RE SIS~llOl,SUMTEMPIJOI 
DATA LABELX/40H TFMPERATURE,C / 
,LA BELY/ 4 0H FLEVATION,M / 
,LTITL E/40H TEMP~RATUHE PROFILE / 
READIS,11 CALTAPE,CAL.INST,w~ITOAT,!DENT,MULEOf,PLOT,NCHANN,LENARR, 






IOIF ~ .2),b(F5,21/41F S,21,l O(f5,21/6(F6,31,IJI 
REWIND l 
PRINT 3 
3 FORMATIIH0,5X*NOTE, •• CHANNlL I IS LEVEL 2, AMBIENT TEM~ERATURE•/12 
.x•CHANNEL 2 IS LEVEL 3, DRY•112x•CHANNEL 3 JS LEVEL I, DRY•/l2X•CH 
,ANNEL 4 IS LEVEL 1, WET•ll2X*(HANNtL 5 IS LEVEL 4, ORY*/l2X*CHANNE 
.L 6 IS LEVEL 4, WET•/l2X•CHANNEL 7 IS LEVEL St ORY•/12X•CHANNEL 8 
,IS LEVEL 5, WET•/l2X•CHANNEL Q IS LEVEL 6, DRY•/l2X•CHANNEL 10 I S 
.LEVEL 6, WfT •I 






4 FORMATIIHO,• CAL TAPE =•A4• C-l INST =•A4• WRITOAT =•A4• !DENT =•A4 
,• MULEOF =•A4* PLOT =•A4/* NC HANN =•!3• LENARR =•14• NAVERlC =•IS 
.• l 8EG SK P =•!?• !SKIP =•13• NJNSCAL =•12• LPACUAT =•14* NTOTFIL =• 
,12/• EXCITVO =•f5,l• RlSISHIII =•f~,2• A =*f8, c • B =•f7.J• C =•f7 
•• )• O=•FS,3• F=•f6,3/• TIMHAT =•f4,l• VARIIN =•fS,2• SIG~A =•f7,5 
.• ~AHPR F. S =•FB.2• CP ~-rs.3• HEATLAT =•F6.I• CPV =•fS.3• VA~ITP =• 
,F4,2/•ACTVOLTII J HHU ~1=•5f5,\/* HtSISII THRU 10,11 =•IOFS,2/* RES 
,1511 THRU 10,21 =•10f5,2/• CAt.RESll THRU 10,ll =•lOfS,2/• CALRES Cl 
.1 THHU 10,?I =•!Of5,c/• ELtVll THRU bl =•6f7,J• NCALVAL =•121 
!EXIT = 3H NO 
JCLOCK 0 


























• l~O ., 
10" 
TEMPHUH TRACE 
FACTOR= SORTl2.0) /C2.0••9-I.OI 
NfILE a I 
NRECOR = 0 
ZE ROTI M = O.O 
IPARITY " 0 
MULRE.C:: l 
00 100 l=l,NCHANN 
100 SUMTEMPIII 2 O.O 
CDC 6400 fTN Vl.O-P261 OPT•O 02/10/72 08o46o42. 
If ICALTAPE .EO. JHYESICALL TAPECAL 
If IC~LINST .Eo. JHYES) CALL INSTCAL 
NflLSKP = l 
NRECSKP = 0 
If INf!LE .LE• II CALL SKIPEOf 
JCLOCK = 0 
ZE wO Tl"l = o.o 
NRECOR = 0 
Rf, 0 15,51fRSTREC 
5 FO>JMATIA)I 
IF cFRSTREC .NE. JHBAOI GO TO 200 
Nfll SKP = 0 
N,<fCSKP = I 
CALL SKIPEOf 
200 CALL BUFTE"4P 
If IIEXIT .Ea. lHYESI GO TO 400 
00 300 I=l,NCHANN 
00 JO O K= l,LENARR 
300 SU"lTEMPIII = SUMTEHPCII • TEHPll,KI 
If INRECOR .LE. NAVEAEC•MULRECI GO TO 200 
GO TO 50 0 
400 NAVEREC = NRE COR-INAVEREC*l"4ULREC-lll 
500 00 700 l=l,NCHAN~ 
AV fTEMP III = SU~TEMPCll/(NAVEREC•LENARAI 
SU~ TE MP I II = 0 • 0 
AV E.TEMPl ll = ISLOPEC!l•AVETEMPCII • ZEROTAP(l11/GAIN(ll 
FACT OR! z AVETE"4PIII/EXCITVO 
FA CTOR2= RfSISII,11/IRESISRIII • AESISCl1lll 
AVET EHPIII = RESISCl,21/CfACTnR2-fACTORll- AESJS(l,21 
If ll .GT• 1160 TO 700 
DO 600J=2 1NCrl ANN 
600 w[S!SRIJI = AVETEMP(ll 
700 AVET EHPCII = A• 9•AVETEMPIII • C•AVETEMPC11••2 •D•AVETEMPlll••l • 
E•AVETEMP I I l 04 
TIME= ITl~ RAT•I ITIM E-ZEROlIM1/lOOOO.I 
~RITEl6,21TIME,NRECOR,IAVETEMPl!l•i=l,NCHANNI 
2 FQ~MATIIHO,• TEMPERATURf.S AVERAGED OVER 10 MINUTE INTERVALS. TIME 
, • f~ . 3• Sf.CS . Rf.CORD N1JMHE R•t4//2A 1 CHANNEL 1•4X•CHANNEL 2•4X•CHAN 
. NEL ]•4x•C~ANNEL 4•4x•CHANNEL 5•4X•CHANNEL 6•4x•CHANNEL 7•4X•CHANN 
• EL ~•4 ~•C HA NNEL 9 1 4X•CHANNlL tO•l3A•LEVEL 2•6X•LEVEL )•6X*LEVEL l• 
.0x•1 EVE L l• bX 1 LEVEL 4•6x•LE.VEL 4•6x•LEVEL 5•6X•LEVEL S•6X•LEVEL 6• 
.6X•L lVEL 61 / )X•AMBIE.N T1 8X•ORY •lOX•ORY•1ox•WET•1ox•oRY•lox•wET•1ox• 
, OHY• 1ox •wET •IO ~• O~Y •1ox•wET•/1Xf6. J• C•5XF6.l• C•SXfb.3• C•SXfb.J• 
, C•5Xf6.J• C•S~fb , 3• C•SXFb.J• C•SxF6.3• C•5Xf6.J• ·c•5Xf6.3• C•I 
CALL HUM ID 
ff fPLOT . EQ . JHYESI CALL PLOTEMP 

























PAOGAU4 TEMPHUM TRACE 
Jr CIEXIT .NE. )HYESI GO TO 2nO 
END 
,. ' ' :,. ---
























j • • 
i • j 
l • c; 






















DIMENSION SUMCALIIOl,SUMTAP<lnt,SOVALUECIOl,SUHACT(lOt,ACT X TAPCl 
OJ,SUMSQ(IO,Sl1RlCMfAN(IOl1TOTMEANII01Sl1TEPHEANCIOl1SU 
MEAN(IOl1T[MPSUMII0)1STANDEV<I01SI 
ICH[CK = 0 
NSAMPLE = 0 
LASTCAL = 0 
!CALI/AL= l 
DO 100 l=l,NCHANN 
SUM[AN(II = 0,0 
TEMPSUMIII = 0,0 
SUMCALl!l = 0,0 
SU'1ACT(J) = 0,0 
SUI-I TAP Ill = 0,0 
SOVALU[lll = 0,0 
ACT X TAPl!I = 0,0 
TEo>"fA.NI I l = 0,0 
Jl[C,-,[ANlll : 0,0 
00 IOOJ=l,NCALVAL 
STANOEll ll1JI = 0,0 
TOTM[A~lltJI = 0,0 
100 SUMS QII,Jl = 0,0 
200 CALL BUfTEI-IP 
GOTORUf = 3H NO 
If IICALVAL ,EO, NCALVALI LASTCAL • LASTCAL • I 
00 300 K= l,LENARA 
00 300 1=1,NCHANN 
300 SUI-IC ALIII = SUMCALIIJ • TEMPCJtKl 
If IICHECK ,GT. 0) Go To 800 
NSAMPLE = NS AMPLE • I 
wRITE16,ll NRECOR ,ICALVALtACTVOLTC!CALVALI 
fO R~ AT(IHO,sx•R[COAO MEANS•~x•RECORO NUM8ER•l4,7X•CALIBRATION•Jz, 
,4X•INPUT VALUE•fS,l/llX•CHANNfL•lOX•HEAN•IJX•CUMUl.ATIVE MEAN• 6X 
,•NUMH ER AECOROS fOR CUMULATIVE MEAN•) 
00 600 1=1,NCHANN 
A[ C"'[ ANIII = SUMCAL(J) / LENARR 
WRITE(612ll,REC"EAN(Il 
2 fOwl-lATIIH .12x,12,1ox,fij,4) 
If (NRECOA ,lO, 11 GO TO 400 
If IRECMEANIII , GT, TOTMEANll,ICALVALl• VARITP .o. AECMEANCII 
,LT, TOTMEANll,ICALVALI - VARITPl GO TO 700 
400 00 500 K=l,LENARR 
500 SUHSO ll,ICt.LIIALI = SUMSQll,IC4LVALI • TEHPCl,KJ••z 
~U"t. ~NI 11 = SllME AN I 11 • RlCH[ AN ( I l 
SUM C Ill I II = 0 , 0 
TOTHEANll,IC~LIIALl = SUMEAN(l1/NSAMPLE 
600 • w!Tt.16,41 TOTMt.ANll,ICALVALl,NSAMPLE 
4 fO R~AT(IH•,4bX,fH,4t25X,l3) 
GO TO ;>(IQ 
700 NSAI-IPLf = NSAMPLE - I 
ICALIIAL = ICALIIAL • I 














































JCHECK =!CHECK• I 
WRITEl6,51 NRECoR,JCALVALtACTYOl.TCJCALVALI 
5 fORMATClHO,sx•TEMPORARY HEANS•~x•RECORO NUM8EA•J4,IOX•CAL18AATJON 
.•l2,4X•JNPUT VALUE •Fs.1111x•cHANNEL•lOX•MEAN•1 
00 1100 I=l,NCHANN 
RECMEANIII = SUMCALIII/LENAPR 
WRlTE16,61J,PEC~EANIII 
6 FORMATClH ,1 2 XI2,lOXF8.41 
Sll '1CAL 111 = OoO 
.• if IIC HECK .Ea. 11 GO TO 1000 
DO 900 K=l,Lf.NARR 
900 SUMSQIJ.ICALVALI = SUHSOll,fCALVALI • TEMPCltK)••z 
TEMPSUMIII = TEMPSUH(l1 • RECM[AN(II 
1000 If IH ECME ANlll . GT . TOTMEANll,ICALVAL-11 • VAAJTP .o. A[CMEANIII 
.LT. TOTMEANll,ICALVAL-11 •VARITPI GOTOBUf a lHYES 
1100 CONTIN UE 
IF CICHECK .GT. JI GO TO 1300 
IF l vO TOBUf .Ea . )HYESI GO TO 200 
00 1200 l=loNCHANN 
Tf"4PS UM I 11 = O.O 
1200 SUM50lt,!CALVALI = O.O 
!CHFCK = 0 
ICALVAL = ICALVAL - l 
GO TO ZO O 
1300 !ENO= ICALVAL - l 
WRITf.16,81IFNO,aCTVOLTCIENOI 
8 FO~"ATClHO,/oSX•STANOAAQ DEVIATJONS•lOX•CALIBAATION•IZ,SX•INPUT VA 
0 LUE•FS.l/llX•CHANNEL•lOX•AHS•1 
00 1400 I=l,NCHANN 
STANOEVll•ICALVAL-11 = SOATISt1MSOl1tlCALVAL•ll/lNSAMPLE•LENARAI • 
T0THEANlltlCALVAL•ll••21 
1400 WRITEl6,91J,STANOEVII,lENOI 
9 fOQMATIIH ,12XI2,7XF9.31 
NSAMPLE = ICHECK - l 
00 1500 l=l,NCHANN 
SUMEANlll = TEMµSUMIII 
TOT~EANll •ICALVALI = TEHPSUMIII/NSAMPLE 
1500 TEMPSUMI l I = O.O 
ICHECK = 0 
If llCALVAL .LE. NCALVALI GO TO 200 
1550 wRITE16,l01 NRECOR 
JO fO R~AT(IHO,sx•ACTUAL vs TAPE VOLTAGE•lOX•LEAST SQUARE METHOO•SX•NU 
.MBER RECOR OS USED FO~ CALCULATIONS•Jll 
00 1700 I =l,NCHANN 
DO 1600 J=!,NCALVAL 
SUMTAPIII = SUMTAP(ll • TOTH[INCJ,JI 
SaVALU£111 = SOVAllJEIII • TOTMEANl1,Jl••2 
ACT X TAPIII = ACT X TAPCII • TOTMEANCl,JI • ACTVOLTCJI 
1600 SU,.4CTIII = <;IJ"IACTIII • ACTVOLTCJI 
SLOPEIII =ISUMACTIII • SUMTAPIII - NCALVAL•ACT X TAP(l)I/ 
l~UMTAPII1••2-NCALVAL•SOVALUEIIII 
ZEIIOTAPIII = ISIJMUPlll•ACT X hPCII • SUMACTCll•SOVALUECIII/ 
ISUMTAPl!>••2-Nr.ALVAL•SCYALUECIII 
WRITEl6,lll ItlACTVOLTIJl;lOT~fA~ll,Jl,J=l,NCALVALI 
























11 tOWMAICJN tlUA•~ MAN 
5U8ROUTINE TAPECAL TRACE CDC 6400 fTN V3.0-PZ6l OPT•O 0Z/l0/7Z 08.46.4Z. 
.ALCULATIONS•IOX•INPUT VALUE•Sx•TAPE VALUE•IC69Xf4.1,11Xf6.31) 
1700 WRITEC6,1ZI SLOPElll,ZEROTAPIII 





































NRECOR = 0 
BAL>Al'A = 3HYES 
DO 100 l=l,NCHANN 
SUMAVEIII = 0,0 
TSUMAVEIII = 0,0 
TSUMSOC 11 = 0,0 
SQVALUEIII = 0,0 
SUMTEHPIII = 0,0 
DO 100 K=l,NINSCAL 
STA~DE V(loKI = OoO 
100 TOTA\/E(ltKI = 0,0 
INSCAL = I 
[CHfCK = 0 
NSAMf>LE = l 
L[VfL = IOHlEAO INPUT 
200 CALL BUFTEMP 
If (Nf lLE ,GT, 11 GO TO 1050 
tiOTOf:lUf = 3H NO 
UO 400 l=l,NCHANN 
DO 300 K=l,LENARR 
300 SUMTEM 0 (ll = SUMTEMP(l1 • TEMP(J,Kl 
AV EREC (ll = SUMTEMP(ll/LENARR 
400 SUMT[MP (II = 0, 0 
Jf <! CHE CK ,GT, 01 GO TO 800 
If (NR ECOR ,EO, 11 GO TO 500 
If (ABS(AVEwf.C(lll ,GT. A8SIToTAVE(lt[NSCALII • VARIINI GO TO 700 
500 W~ITE(6,31 N~ECOR,INSCAL,LEVEL 
3 FOR MAT(lHO,sx•RECOwD MEANS•4X•RECORO NUM8EA•l4,7X•CALIBRATION•J2,4 
,X•i~PUT •AlO/llX•CHANNEL•lOX*ME,N*llX*CUMULATIVE MEAN•6X•NUMBER Of 
• RE CO RDS FOR CUMULATIVE M[AN•1 
DO ~00 l=l,~CH ANN 
SUMAVE(l1 = SUMA\/E(JI • AVEREC(ll 
TOTAVE(l,l~SCALI = SUMAVE(JI I NSAMPLE 
WRITE(6,?IJ,AVEREC(ll•TOTAYE(J,INSCALl,NSAMPLE 
2 FORMAT(lH ,17.X,l~•lOX,fA,4ol4rtf8,4t25X,[JI 
00 hOO K=l,LtNARH 
600 SQI/ALUF ( 11 = SO VALUE ( 11 • TEMP ( I ,KI ••2 
NSAMPLf = ~~AMf>LE • l 
GO TO 200 
700 IN~CAL = I NSCAL • 
Lfll[L = !O~fULL $CALE 
BOO ICHfCK = lCHlCK • I 
If <!CHECK ,EQ, 11 GO TO 200 
lf~O = !CHECK - 1 
WR)T t (6,41 NHECOH,JNSCAL,LLVEL 























SUBROUTINE INSTCAL TRACE CDC 6400 fTN Vl.O-P261 OPTaO 02/10/72 08.46.42. 
0 ATION•l2,4X•INPUT •AlO/IlX•CHANNEL•lOX•SUM Of MEANS•lJX•NUMBER Of 
.RECORDS IN SUM•) 
00 900 l=l,NCHANN 
TSUMAVEIII = TSUMAVEIII • AVEPECII) 
WR!TEl6,SlltTSUMAVEll)tlENO 
S FORMATIIH ,l3X,12tl6Xf6,lt21XJ2l 
DO 900 K=l,LENARR 
900 TSUMSO(ll = TSUMSOII) • TEMPlltKl••2 
If IABSIAVE RECllll .GT. ABSITOTAVElltlNSCAL-lll • VARIINI 
GoToqur = 3HYES 
IF (!CHECK .GT. 31 GO l;O 1100 
If CGOTOBUF .EQ. 3H'l'ESI GO TO 200 
DO 10001=1,NCHAN~ 
TSUMAVflll = O.O 
1000 TSU~SOlll = O.O 
LEVEL= lOrll.[RO INPUT 
lC-ifCK = 0 
lNSCAL = lNSCAL -
liO TO 200 
1050 lNSCAL = IN5CAL • 
NS~MPLE = NSAMPLE -
1100 lf Nn = INSCAL - l 
LEVEL= IOHl[RO INPUT 
If I lnlO .En. 21 LEVEL a lOHfULL SCALE 
WRITE 16,61 IEND,LEVEL 
6 FORMAT(IHO,SX*STANDARD 0EVIATJ0NS•1ox•CALIBRATJ0N•12,sx•1NPUT •Al0 
.111x•CHANNEL•lox•RHS•) · 
DO 1200 J=loNCHANN 
STA~OEVIJ,INSCAL-11 z S0RTIS0VALUEIII/INSAMPLE•LENARRI- TOTAVEII, 
JNSCAL-1) H2) 
1200 WR! TEC6,1l!,STAN0£Vll,IENO) 
1 FO ~M ATIIH ol2XJ2,7~f9o31 
NSAMPLE = (CHECK - l 
00 1300 l=l,NCHANN 
SUMAVEll) = TSUMAVEIJ) 
TOTAV[Cl,INSCALI = SUHAVEIII/NSAMPLE 
SQVALUEIII = TSUMSQIJ) 
TSUMAVElll = O.O 
1300 TSU~SO(l1 = O.O 
!CHECK= 0 
NSAMPLE = NSAMPLE • l 
LfVEL = IOHfULL SCALE 
IF CINSCAL .LE. NlNSCALI GO TO 200 
1400 90 1600 l=l,NCHANN 
00 1500 K=l,NlNSCAL 
1500 TOTAVEll,KI = SLOPEl!l • TOTAVEll,Kl • ZEROTAPIII 
ACT UALCII = EXCJTVO•IIRESISll,11/IMESJSll,ll•CALRESll,lltl - (RESI 
S11,21/l~ESISll,21 • CALRESll,2JIII 
GAlNlll = ITOTAVf.11,21 - TOTAvElltlll/ACTUALIII 
1600 -k!TEC6,8l J,TOTAVlll,ll,TOTAvEIJ,21,ACTUALlll,GAINlll 
8 fO~~ATllHO,lOX•C HANN E L•T3/1Sx•VALUES USED FOR GAIN CALCULAII 
.ON5•lOX•!NPUT*5x•TAPE VALUl•Sx•ACTUAL VALUE•t59~•ZER0•7Xf6.J,12X•O 
•• 0•/56X•fULL SCALt*4XF6.3,llXF6.3//ISX•GAIN CO~PUTED•FI0.31 
REf U~N 
ENO 































If IIOENT .Eo. JHYES .A. BAOATA .Eu. 3H NO .A. NRECOR .(Q. o, 
CALL HEAUER 
COQT I ME = 311 NO 
liAOATA = 3H NO 
100 NRECOR = NRECOR • l 
~UffER INII,IIIITIHE,lCOHWRDILPACDATII 
lflUNlTlll1500,200o400 
200 WRITEl6,ll NRECOw,NF(LE 
l fORMATIIHO,• THERE ARE•(~• RECORDS ON FlLE•lll 
NRECOR = 0 
If IMULEOf .NE. 3HYESI GO TO 300 
NFILE = Nf!LE • l 
If (Nf!LE .GT, NTOTFILI GO TO 300 
GO TO 100 
300 If !PLOT .EO. JHYE51 !EXIT= JHYES 
IF (PLOT .EQ. JHYESI RETURN 
CALL EXIT 
400 WRlTEl6,21 NRECOR,NFJLE 
Z FORMATIIHO,• PARITY ERROR IN OATAt RECORO•IS• FILE•lll 
JPAQITY =!PARITY• I . 
WRITE 16,31 (PARITY 
3 fOAMAT(lHO,• THEME HAVE BEtN•IJ• PARITY ERRORS•) 
CALL lJNPAK 
CALL SORT 
If IWR(TDAT .EO. 3H NOi CALL DATWAIT 
GO TO 600 
500 CALL Ut~PAK 
CALL SORT 
600 IF (NRECOR .EO. 1 .A. ITIHE oNE. 01 ZEROTIH • ITIHE 
If llTIME-~99999 .GT. -120001 CORTIHE • JHYES 
JTl~E =!TIME• JCLOCK • 999999 
IF (CORTlHE .Ea. JHYESI JCLOCK JCLOCK • I 
RETURN 
ENO 
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BU•fEA INll,01 IIOCll•IOIZII 
If CUNJTClll 200,100,100 
100 w~ITEl6,ll NFILE 
l fOAMATllHO,• PAPJTY ERROR OR f0F IN HEADER OF FILE NUMBER*lll 
20.0 wcITE16,21 "1flLEollOlll,l 2 ltZI 
2 fOAMATIIHO,• HEADER ON FILE•I1• IS •21101 
q[fUPN 
END 
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M = IBEGSKP 
L = 0 
DO 200 I= l,LENARR 
DO 100 K=l,NCHANN 
TE~PIK,11 = !DATWRO(M • LI • FACTOR 
100 L = L • l 
L = 0 
200 M=M • !SKIP 
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WRITEC6,ll NRECOR, ITIME 
fORMATIIHO,• RECORD NUMHEA•IS• ITIME lS*llOI 
DO 100 l=l,NCHANN 
100 WRITEl6,21 l,ITEMPll,KleK=l,LFNARRI 






























NPEC = 0 
If INfJLE ,GT, NflLSKPI GO TO 500 
100 bUffEP INll,ll(ITIME,ICOMWRDILPACDATII 
If IUNITl111300•~00,200 
ZOO LEN= LlNGTrllll 
NREC = NREC • 1 
NRE COR = NRECOR • 1 
wRITElb,11 Nfl LE,NRECOR,NREC,LEN 
f ORM ATllHO, SX *PARITY ERROR OCCURREO WHILE SKIPPING flLE•1z• RECORD 
.•1 4•.•13• RECORDS HAVE BEEN S~IPPEU. LENGTH Of AECORD•l41 
GO TO 100 
300 LEN= LENGTH(!! 
NRl::C = NREC • 1 
NRECOR = NRECOR • l 
If ILEN . NE , LPACDAT • 11 WRITEl61ZINRECOR,NflLE1LEN,NREC 
2 fO MMATIIH0,5X*RECORO ENCOUNTEPEO or IMPROPER LENGTH, RECORD•l4• fl 
.1LE•l2• LlNb~H•l4,2XIJ• RECORDS HAVE BEEN SKIPPED•) 
GO TO 100 
400 WRITE16,llNREC,NflLE,NR[COR 
3 fO R~AT(lH0,5Xl3• RECORDS HAVE BEEN SKIPPED ON FILE•l2•• THERE WER 
.E•l4• RECORDS ON THIS flLE•I 
NflLE = NflLE • 1 
NRi:C = 0 
NRECOR = 0 
If IIO~T ,EQ, JHYESI CALL HEADER 
If INflLE ,LE, NflLSKPI GO TO 100 
500 If INRECSKP .Ea. UI RETURN 
DO 900 l=l,NREC5KP 
bUffER INll,lllITIME,ICOMWRDILPACDATII 
If IUNJTIIIIB00,700,600 
600 NREC = NREC • l 
NRECOR = NRECOR • 1 
LEN = LENGTHlll 
WRITE16,41 ~RECOR,NflLE,NREC,LEN 
4 fO~MAT(lHO,sx•PARJTY ERROR OCCURREU WHILE SKIPPING RECORD•l4• ON f 
.ILE•l2•.•2Xl3* RECORDS HAVt dFEN SKIPPED. LENGJtfltl41 
GO TO <lOO 
700 WRlTE16,51 NRE COR,NflLE,NRlC 
5 fO~MATllNO,sx•EOf OCCURRED WHILE SKIPPING RECORDS. LAST RECORD WA 
.s•I 4• ON flL E*I2,2XIJ• RECOR05 HAO BEEN SKIPPEO.•I 
GO TO 90 0 
BOO NRfCOR = NRtCOR • 1 
NR EC = NIJEC • I 
LEN= LENuTHlll 
If !LEN.NE. LPACDAT • 11 WRITEl6,ZINRECOR,NFILE,LEN•NAEC 
900 CO NTINUE 
• RITEl6,61~REC,NflLE,NRECOH 
6 f0"MATIIH0,'>Xll• RECORO(SI HAVE BEE.N SKIPPED ON flLE•JZ•• RECO!~D 










































,. .. ' -






M "' 1 
00 1001=4,10,2 
RHOS a lO.•ll0.••1122.5518•1AVETEMPlll•273,l61-2937.41/IAV[TEMPIII 
•273.16)11/IIAVETEMPllt•27l.161••4,92dlt 
WMIXRA = ISIGMA•RHOS•AYET[MPlttl/lHARPRES- RHOS•AVETEMPIJII 
HUMIOIIMI a WMIXRA•HEATLAT•IAVETEMPll-11 - AV[TEMPIJll*CP / 
ICPV•IAVETEMPll-11 - AVET[MPII)) • H[ATLATI 
















TEMP(ll • AVETEMP(l) 
TEHP(ll • AVETEMP(l) 
TEMPCJI = AVETEMPC2) 
TEHPC41 z AVETEHPC5) 
TEMPISI = AVETEHPl71 
TEMPl61 a AVETMEPC~) 
wRITEC6,ll TIME,IELEVCll,T[MPCl)ol•lo6) 
fORMATIIHOo• TEMPERATURE PAOfJLE VALUES•/JX• AVERAGE Of POINTS OYE 
.R TEN MINUTE INTE~VALSo TIME Of PLOT •FlOol• S[CS•/JX• ELEVATION• 
0 M TEMP[HATURE,C•/6C6X,f6 0 l,lOAf6ol/)) 








































., • · 1• 
CONPASS - VEA 2.0 N 02/10/12 08.41.10. 
IDENT UNPAK 
• INSERT LENGTHS Of PACKED AND UNPACKED ARRAYS 
311 LENGTHA SET 201 













5 5011000001 GET60 












0 .. 61000000 • 


























SAl NE AClt --- flRST WORD Of ARRAY CTINE WOROt IS IGNORED 
51:16 8-1 8CJt BASE 














G£T ACI t 
MASK OUT 12 BITS 
RIGHT SHIH 
BUT 
AVOID SIGN EXTENSION 
CK fOR SIGN BIT 
MASK OUT SIGN BIT 
AX6 1 DELETE ZERO-BIT RIGHT-fill 
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GO TO 1100.200.3001,1scALE 
100 SLOPEAN = 47.736 
ANINTER = -0.411 
WRITEl6,IIISCALE,SLOPEAN,ANINTER 
· l FORMAT(l~o.sx•ANEHOMETER VALUFS•SX• SCALE•IZ/IOX*SLOPE•sx•JNTERCEP 
.T•/10Xf6.J,6~f6.31 
RETURN 
200 SL OPEAN = QJ.021 
ANHJTER = 0.451 
wRITEl6,1115CAL£,SLOPEAN,ANINTER 
~ETURN 
300 SLOPEAN = 0.0 
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COMMON/8BU MP /W R! TlMEtlOOl,VELOClllOOI 
COMMON/BBUfLAl/NTOTf!l,JCLOCKJ•lEXIT,TlMAOA,NREC 
PPINTOK = 3H NO 
Kf!PST = l 
If lfRSTSPO .Eo. JHYES .A. NRfCORl .NE. 01 GO TO 25 
CALL BUfLA51 
If IIE~IT .E~. JHYESI GO TO 200 











VELOC!llOATAWSI = SLOPE(ll* VOLT<l,IOATAWSI • ZEROTAP(ll 
VfLOClt!UATAWSI = ISLOPEAN• VfLOClltDATAWSI • ANINTERI •0.3048 
VELOC21l0ATAHWI = SLOPE(21*VOLT<2•JDATAWSI • ZEROTAP(ZI• DCSUPRE 
If (fRSTSPO .Ea. 3HYESI GO TO 50 
SUMVELO = SUMVELO • VELOClllO~TAWSI 
!SAMPLE= !SAMPLE • l 
SUMV OL T = SUMVOLT • V[LOC21IDATAHWI 
TJMEltlOATAHWI = TIMAAT!•IClTtMEl-ZEROTMll/10000 • ((lDATAWS 
.•CHAN~EII/OlbRATll 
If (TIMEl(IOATArlWI .GE. TIMECHG .A. VOLTCHG .EQ. JHYESI 
CALL VOLTAOJ 
IF ITIMEl<luATAHWI .bE. MULTIME•TIMEHWI GO TO 200 
IOATAHW = IUATAHW • I 
fl<STSPO = 3H NO 
!START= IOATAHW - LENAPRl•KF!RST-1 
DO 115 l=KfI RST,LENARRl 
wRITIMEIII = TIMfl(ISTARTI 
!START= !START • I 
If INRECOAI .GE. 2 .A. NRECORI .LE. 81 GO TO 125 
I = NRECORI - I 
IF IMOD(l,301 .Ea. O)GO TO 125 
GO TO 160 
PAINT 3,NRECORI 
FOP.MAT llHO,• ANEMOMETER VELOCITY RECORD NUMBEA•l4//2X•TIMEtSEC 
.s•sx• VELOCITY,M/SEC•lOx• TIM[,SECS•SX• YELOCJTY,M/SEc•1ox• TIME,S 
.ECS•SX• VELOCITY,M/S£C•11 
PPINTOK = )t-iYES 
WP IT£ l 6, I I l w"I IT I ME I I I , VELOC I It I • I= l tLfNARA l I 
FO RM ~T(IH .1xf8 . l•llXf6.3,15Xf8.3,ll~f6o3+15XF8.3,llXF6.JI 
If lwPITAPf .NE. JHYESI PETUR~ 
WPITfl6,l21 NPECORI 
fO ~~ AT(IH •• NR[CO~l=•lSI 
~UfflR OUT!3,ll CwRITIMElll,VfLOClllOOII 
If !UNIT 131 I 4·00, 180. l~O 
WP!T[lt,,61 NPEC0Pl,Nf!LEI 
fOPMATIIH •• EOf ON RECORD NUM~ER•JlO• FILE NUMBEA•lll 














SUBROUTINE SPEED TRACE CDC 6400 FTN V3.0-P261 OPT•O 02/10/72 13.01.02. 
190 WRJTE(6.71 NRECORloNFILEl 
7 FORlo!ATllH •• PARITY ERROR INPUT ON RECORD NUMBER•II0• FILE NUMBER 
.•ISi 
GO TO 400 
200 AVEVELO = ISUMVELO/ISAMPLEl/0 0 3048 
AVEVOLT = SU~VOLT/ISAMPLE 
KFIRST = IDATAWS • 1 
DO 250 JK = l•IDATAWS 
250 WRITIHEIJK) = T!MEllIDAT AHW-JOATAWS • Jt<I 








ISAl"PLE = 0 
l"ULTIHE = MULTIME • 1 
HWI NTER = SORTIAVEVEL01-SLOPEHW•AV[VOLT••2 
DO JOO I=l,JOATAHW 
VELOC2(11 =ICSLOPEHW•VELOC21I1••2•HWINTEAl••2l•0.3048 
IF INRECORI .GE. 2 .A. NRECOR} oLE. 81 GO TO 305 
I = NRECOR I - l 
Ir (MODCl,301 .Ea. OIGO TO 305 
GO TO 31 0 
wRITECb,21 TIMEllll,TIMElllOATAHWl,NRECORlo(TIHEl(ll•VELOC2Cllo I• 
,1,IDATA HWI 
FORlo!AT(IHO,• HOT WIRE VELOCITY• CALCULATED FOR TIME PERIOD FROM• 
.r1.2• TO•r1.2• RECORD NUMBE.R•rJ11• TIME.SECS•Sx• VELOCITYoH/SEC•lO 
.x• TIME,SECS•Sx• VELOCITY,H/S[C•IOx• TIHE,SECS•SX• VELOCITYoM/SEC• 
,//o(lX,f8 .3,12X,F6.3,l'+X,F~.J,12Xtf6.3,l4X•f8.3,12X,F6o3ll 
If CWRITAPE .EO. 3HYESI GO TO 310 
If (!EXIT ,[O. 3HYE51RETURN 
IOATAHW = l 
IF (Kf!RST . GT . LENARRIJGO TO 120 
GO TO 25 
M = I 
PRINT 13,NRECORi,lOATAHW 
fO~~AT(IH •• H. w. NRECORl=•ItO• NUMBER OF WORDS• •1101 
LAST= 2 
IF (IOATAHW .LE. 301)LAST = l 
00 370 1=1,LAST 
N = M • 300 
IF (l .EQ. LAST) N & IOATAHW 
BUFFER OUT13,ll ITIMEl(MJ.TIHEl(Nll 
IF (UN IT(311340,330o320 
320 WRITEC~,81 NRECORl,NflLEl,H,N 
8 FOR~AT(lH ,• PARITY ERROR ON MW TIME• RECORO•l10• FILE*l3• M••l5* 
.N=•l51 
GO TO 340 
330 WRITEC6,91 NRECORl,NFILEl,H,N 
9 FORlo!AT(lH •• EOF ON HW TIME., RECORU•l10• FILE•JJ• Hz•JS• N=•JS> 
340 BUFFER OUTl3,l) IVELOC2(Hl,VELOC2(NII 
IF !UNIT 131 l 370,360,350 
350 WRITEl~,101 NRECOwl,NflLEl,H,N 
10 FOR~ATIIH •• PARITY ERROR ON HW VELOCITY• RECORD•JtO• flLE•IJ• M•• 
,IS• N:c•!SI 
GO TO 370 
360 WRITE!b,111 NRECOR l,NFILEl,M,N 
11 FOQ~AT!IH •• EOF ON Hw VELOCITY, RlCORO• 110• FILE•l3• Ha•IS• N••l 
PAGE 2 













SUBROUTINE SPEED TRACE 
.s, 
370 M = M • 301 
IOATAHW s 1 
lF IIEXIT .Ea. JHYESI RETURN 
IF (~FIRST .GT. LENARRllGO TO lZO 
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J= IDATAHW - LENARRl - 1 
00 100 K=l,LENARRl 
J = J 1 
JSAMPLE = JSAMPLE • 
SUMWlND = SUMWIND • WINOIRECKI 
If (K .LT, LENAPRllGO TO 100 
150 AVEWO(MULTIMII = SUMWINO/JSAMPLE 
AVEWDIMULTIMII = SLOPEWO•AVEWOIMULTIMll • WDINTER 
MULTIMI = MULTIMl • 1 
SUMWlND = 0,0 
JSAMPLE = 0 
100 CONTINUE 
If IWRITAPE .Ea. 3HYESIRETURN 
WRITE (6,11 TIMAVWD,MULTlMl,(AVEWDCil,JsLASTIME,MULTIMll 
fO RMAT(lH •• WIND DIRECTIONS IN DEuREES, MEANS Of DATA FOR•FS.l• 
,SEC INTERVALS, THIS IS INT£RvAL NUMBER•l4/ll0fl0,JII 
































5 fORMAT(lH •• NRECOR2=•IlO• NUMBER OF WORDS ••1101 
50 M = 1 
N = IPOINT - l 
BUFFER 0UT(3,ll ITIHE21Ml,TIME2(Nll 
If IUNITIJl IJ00,200•100 
100 WRITEl~,11 NHECOR2 ,NFILE2,M,N 
l FO RMATIIH •• PAwITY ERR OR ON LASER TIME RECORD NUMBER•llO•FllE NUM 
.BER•l3• M=•I S* N=•ISI 
GO TO 300 
200 wRIT El6,21 NRECOR2,NFILE2,M,N 
2 FOPMAT(IH •• EOF ON LASER TIME REC0Ro•110• FILE •JJ• M••1s• N••JS) 
300 HUFFER OlJTl 3 ,ll IV ELOL ASIMl,V t:LOLASINII 
If (UN IT (3) 1600,SOO, .. oo 
400 ~RITE16,31 NRECOR 2,NFILE2,M,N 
l FO RN AT(IH ,• PARITY ERROR ON LASER VELOCITY, RECORO*llO• flLE*ll• 
.M=•IS• N=•l51 
GO TO 600 
500 WRITE1 6 ,41 NRECOR2 ,NFILE2,H,N 
4 FOR~AT(IH •• EOf ON LASER VELOCITY, RECORD•11o•FILE•IJ• H••Is• N=• 
• 15 1 
600 TINE21 11 = TIM E2 11POINTI 





















































5 5011000001 GET60 
































COMPASS - VER 2.0 M OZ/10/lZ 13.01.56. 
JOENT UNPAl(l 












SX 7 11:1 
SXO 4000B 
MX2 J.! 
SAl NE Alli --- FIRST WORD OF ARRAY CTIME WOROI JS IGNORED 
SBD P-1 BCJI BASE 
























CK FOR SIGN BIT 
MASK OUT SIGN BIT 
OELE TE ZER0-8 IT RIGHT-fill 
STORE IN BIJI 










46302 STORAGE USED 44 STATEMENTS 10 SYMBOLS 















" U'-lC>AK2 COMPASS• VEA 2.0 M 02/10/72 13.01.57. PAG£ fl' 
" IOENT UNPAK2 ,~ • INSERT LENGTHS OF PACKED ANO UNPACKED ARRAYS 
1132 LENGTHA SET 1,02 
"' 5670 LENGTHB SET 1000 .... 5 • 
USE. 1UNPK2/ 
1' 0 NE BSS LE"IGT~A ,... 
1132 B RSS LENGT11B 
USE 
" 10 ENTHY UNPAK2 0 UNPAK2 ass 1 
1 7170000001 SX7 IB • 7100004000 sxo 400013 2 43214 MX2 12 
15 5110000000 C SAl NE A(lt --- flRST 11orm OF ARRAY (TIME IIOADl · IS IGNORED • 3 6160001131 C Sdb e-1 BCJI BASE ,'"I 6170007021 C StH P•LENGTHB-1 BC LAS Tl 
4 6150000060 SAS 41! 
" 6110000074 581 60 0 20 5 5011000001 GET60 SAi Al•l GET ACll 
6 616600000) GET12 SBb >!6•1 • 11621 t'IX6 ~2•Xl MASK OUT 12 BITS 0 67515 SBS El l-BS RIGHT SHIFT 
7 22656 LX6 P5.X6 BUT 
• 25 67515 ses Rl-85 AVOID SIGN EXTENSION • • 
11760 BX7 X6•XO CK FOR SIGN BIT • 10 0307000011 ZR x7,STOA8 • 15660 BXb -XO•X6 MASK OUT SIGN BIT 
30 14666 l:!X6 -X6 • • • 11 STORB 855 0 
11 21601 AX6 1 DELETE ZERO•BIT RIGHT-FILL .. 56660 SAt> Rb STORE IN BCJI • 35 04b7000000 • EO ~6.tH,OONE 
12 oc;soooooi,. • NE P5,ij0,1NM10 ... 6150000060 585 48 0 
13 43214 HX2 12 
0400000005 • t:O GET60 
40 14 20260 JNMIO LU 48 0 
6)55777763 585 PS-12 
15 0400000006 • EO c;ET12 ,., 0 • DONE EOU •JNPAK2 .., 
16 ENO 






\ • • 
, . ' 
.... fill 
..... UNLOADII COMPASS - VER z.o N Ol/101'72 JJ.Ol.59. PAGE 2 .. 
" IDE.NT UNLOADII f' ENTRY UNLOADW 
USE LlATA. 
2 .. 6 03111720000000000000 CIOC vro l8/3LCIOo2/lo40/0 '"' 5 247 15230 700000000000000 MSGC VfD 18/3LMSG•42/0 
250 01022401000000000000 ABTC-S VfD 18/3LABTo6/lolb/0 ., 251 01022400000000000000 ABTC vrD ·111/ 3LA8T •42/0 r, 
252 15051 5·000000 000 00000 ME"1C vrD !R/3U4EM.42/0 
253 22 0314 0000000 00 000 00 RCLC vrD 18/3LRCLo42/0 
10 254 0516 04 000 000 00000000 EN OC VFO 18/JLEND•42/0 '"' 255 01030520000000000256 • CNTCC vro i8/3LACEo2/lo22/0•l8/CNTCC8 
256 000000 0000000000 000 0 CNTCCB DATA 0 . 108 READ fORWARO 408 FOR BACKSP 
C) 2':> 7 Ohl114u5552 7012 J5':>22 l'SG! DATA C•flLE VAS ~~WOUND BEfORE RETURN• 0 
263 5525161417010 .. 55 1716 lo!SG2 DAU c• UNLOAD ON NON-TAPE flLE • 
15 266 55251614170104551716 lo!SG J DATA c• UNLOAD ON UNDEflNED flLE • 
4 271 55?022 170 72201155503 MSG'+ DATA c• PROGRAM CONTINUED• 0 
274 55222516550 102 17 2224 M5C.5 DATA c• RUN ABORT ED WITH SPEC PROCESSING• 
300 55?22'>165$05 1624 1122 MSG6 DATA c• RUN ENTIR l LY ABORTED - DUMP• • 304 ':>'i222516550 10? 172224 MSG7 DATA . c• RUN AHOw T[ D WITHOUT DUMP• • 20 307 5'i?701 l l 24 1 l l607550o MSu9 DATA t: • •AITI NG f OR NEXT REEL - GO TO CONTINUE• 
lit+ 552225 16550516040504 MS G!! DATA c• RUN ENDED WITH NO DUMP -NORMAL CC STREAM• 
321 00000000000000000000 SAVEW DATA 0 • USE • 
• • 
• • 
30 CALLPP MACRO A • lfC NE•••A•ol • BX7 XoA 
SAS l .. NZ .c.s.• • 35 • SA7 AS 
• SAS AS • Nl xs.• • £NOH .. • 
Ill 
,.5 3 CLOSER MACRO 
'~ LOCAL LOPE • SAJ 82•2 
SA,. Al•l • IX!> XJ-X4 • 50 ZR XS.LOPE . IN EQ OUT 
MllU 18 • LJ(O 18 • SAJ 82 
BX7 -llO•XJ • 55 BX,. !10*.lll • Slll JB 
BXJ -Xl*X't • • 
. ..,;...,. ... .. ·-___ .. 
- c-
COMPASS - VER l.O M OUl0.172 lJ.Ol.59. PAGE J .. 
ZR XJ,LOPE • FILE NOT OPENED 
SXl .. a • WRITE MASK 
ZR XJ,LOPE .NOT OPEN FOR WRITE 
SXl 5008 
s BXJ Xl • Xlt 
NZ XJ,LOPE • SPECIAL FUNCTION CODE 
sxo 28 
8Xb AO•Xlt ... 
SX5 lltB • WRITE CODE 
10 811.b X6•X5 ADD PARITY ll IT 
8Xb X7•X6 AOD LOGICAL FILE NAME 
SAb Ill • RESET FIRST WORD fET 
SX6 dl 
SAS CIOC 
15 bX7 X5•X6 • ADD fET ADR TO CALL WORD 
CALLPP 
LOPE BSS 0 END INSTRUCTION IN MACRO 
ENlJH 





30 8X6 -xo•xs .SAVE FILE NAME sxo lB 
BXS xs•xo 
SX<t ~08 .REWIND CODE 
BX':> Xlt•XS .ADD PARITY BIT 
35 8X6 x6•XS .ADO FILE NAME 
SA6 tl2 
SX6 b2 : I SAS CIOC 
BX7 x5•X6 
40 CALLPP •• SX6 HSGl 
SAS '4SGC 
tlA7 X6•XS • CALLPP 
.r.s ENOH • 
• f 
WAITER MACRO • • LOCAL LOP SIi.it MSG9 .GET WAIT DAYflLE MESSAGE 




U'-ILOAOW COMPASS - VER 2.0 M 02/10/12 13.01.59. PAGE ' • .. sxo 100008 ft 
SAS 80 
BX6 XS•XO 
" SA6 AS " s SA2 RCLC LOP . CALLPP 2 
"' SAS ·110 ft BXS .a.S•XO 
NZ .a.5,LOP 
' 10 EN0'4 Ct 
' • 
• • J UNLOAD MACRO 
CLOSEs:i • SAS · d2 • 20 MXO 18 
LXO 18 • BXb -xo•xs .SAVE flLE NAME • S.11.0 28 
BIi.!> xS•XO • 25 SX4 t,08 olJNLOAD CODE • BXS X4•XS oADO PARITY BIT 
BXt> X6•XS .ADO flLE NAME • SA& i,2 • SXo 112 
JO SAS CIOC • 8X7 XS•X6 • CALLPP 
ENDM - • 
• • 
• 40 PMSG MACRO A ., SX6 A 




• LIST -R • 0 UNt..OAOW essz l 
1 5021000001 SA2 Al• l • 55 2 030200000) • • ZR .a.2,••l • 53220 SA2 .a.2 

















5 0720000105 • 
5152000001 
6 0325000106 • 
5132000002 
35 7140000307 • 
51 5132000<102 
104 0400000000 • 




141 716000026] • 
142 5)50000247 • 
12765 
143 515000000) 
)46 5150000321 • 
63250 
147 !>1)0000005 
150 06)2000151 • 
66200 
ISi 02200001 SJ • 
152 0400000000 • 
15] 04000001~1 • 
154 0400000167 • 
155 0400000201 • 
156 04000002)1 • 
157 04000002]4 • 
160 0400000000 • 
lhl 7l60000271 • 
166 0400000000 • 
167 71 6 000027 4 • 
174 s1 s oooo2s1 • 
10755 
200 0000000000 
201 7160000)00 • 
t!06 51500002~0 • 
10755 
212 0000000000 
213 7) 60000)04 • 
220 5140000255 • 





227 5120000254 • 
10722 
231 0000000000 
234 7160000314 • 






























































COMPASS - VER l.O M 0lll0/1l lloOl.59. 
SAVEW 
Xl•BO 
80-82 
:.l(GETBA 
l:!2,tl0,NTDEF 
82•1 
xS,NTTAPE 
lJNLOAOW 
MSGJ 
CQNT. 
0 
MSG2 
MSGC 
Xb•XS 
SAVEW 
xs 
SB 
~J,82,••1 
tlO 
JMP•B2 
UNLOAOW 
EXIT! 
E.XIT2 
EXJTJ 
t.Xll4 
EXITS 
UNLOAOW 
MSG4 
1JNLOAOW 
MSG5 
ABTC 
:, 
MSG6 
ABTCS 
5 
MSG7 
C:NTCC 
l0tl 
CNTCCB 
'+ 
701:l 
1.S,LOOP 
ENDC 
£ 
MS&tl 
t.NDC 
,! 
• 
PAGE 5 
